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Ottawa, 1st August, 1904. 
Sir,— 


I have the honour to transmit herewith :— 


1st.—The report of the Commission appointed to investigate the 
electro-thermic processes for the smelting of iron ores and the making of 
steel, now in operation in Europe. 


2nd.—The report of a special Commission appointed to investigate 
the Marcus Ruthenburg process of electric smelting of magnetite. 


To these reports is added, in the appendix, a series of important 
papers on the subject of the electro-metallurgy of steel and iron, by 
Harmet, Gin and Stassano, and of copper by Vattier. 


I have the honour to be, 
Sir, 


. Your obedient servant, 


ye : EUGENE HAANEL, 


Superintendent of Mines. 
Honourable Clifford Sifton, 


Minister of the Interior. 
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LEFTER OF INSTRUCTIONS: 


Ottawa, 29th December, 19038. 


Sir,—You are hereby commissioned to proceed to Europe for the 
purpose of investigating and reporting upon the different electro-thermic 
processes employed in the smelting of iron ores, and the making of the 
different classes of steel, now in operation, or in process of development, 
in Italy, France and Sweden. 


The special object of this investigation is the ascertainment of ail 
facts in connection with these processes, which are necessary for deter- 
mining the cost of one ton of product, the quality of the product, and 
cost of machinery employed, and such other facts as may be required Yor 
the formation of a judgment regarding the feasibility of introducing suc- 
cessfully in Canada electro-thermic processes for the production of iron 
and steel. 


It will, therefore, be your duty to avail yourself of all means neces- 
sary to obtain, as far as practicable, reliable and detailed information on 
this subject. It is desirable also to ascertain what patents have been 
issued to the different inventors of the processes of electric smelting, the 
countries where they have been issued, and full particulars thereof. It 
is desired also that photographs and accurate drawings (where necessary) 
of the various parts of apparatus and plants employed should accompany 
your report. 


The following will constitute the members of the staff of the Com- 
mission, who are to act under your direction, performing the duties «s- 
signed them in this letter of instructions, and such other duties in their 
respective branches as you may find necessary to require of them in order 
to bring to a successful issue the object of the investigation :— 


Ist: Electrical Engineer. 


Mr. C. E. Brown, E.E., Assistant Works Engineer of the Canadian 
General Electric Company, Peterborough, Ont., has been appointed as 
Electrical Engineer. It will be his duty to make or supervise all elec- 
trical measurements, and furnish you with a report of all electrical de- 
tails of the investigation, and also with a description of the electrical 
machinery employed. 


XTY: 


2nd: Metallurgist. 


On your arrival in England you will engage a thoroughly competent 
iron and steel expert, who will act as the metallurgist of the Commission, 
and report to you the metallurgical details of the investigation, and make 
an examination of and report upon the qualities of the iron and steel pro- 
duced by the various electro-thermic processes examined. 


38rd: Photographer and Draftsman. 


For the purpose of obtaining accurate representation of the different 
plants examined, you are instructed to employ a photographer and drafts- 
man wherever and whenever their services may be required. 


4th: A private secretary. 
(Sed.) CELIFFORD. SIFTON, 
Minister of the Interior. 
Dr. Eugene Haanel, 


Superintendent of Mines, 
Department of Interior, Ottawa. 


RIESE ORT. 


The Commission, consisting of Mr. Brown, electrician; Mr. Nystrom, 
M.E., draftsman; Mr. Coté, secretary, and the writer, left Ottawa for 
England on the 21st January last. Arriving in England on the 30th 
January, I proceeded at once to find, in accordance with your instructions, 
a thoroughly competent man to act as metallurgist of the Commission, 
and succeeded in engaging the services of Mr. F. W. Harbord, Assoc. 
R.S.M., F.LC., consulting metallurgist and analytical chemist to the In- 
dian Government, Royal Engineering College, Cooper’s Hill, and the 
author of an extensive work on the Metallurgy of Steel. 


Shortly after my arrival in England I received a telegram from My. 
Benedicks, the manager of the Gysinge Steel Works in Sweden, to the 
effect that if I desired to examine his plant it would be necessary for the 
Commission to arrive in Sweden within a week from date of telegram, 
since the works would be shut down shortly in order to put in new and 
larger turbines. It became, therefore, necessary to start the investiga- 
tions at the plant in Sweden. 


The following are the localities visited, in the order named, where 
electric smelting plants could be investigated : Gysinge and Kortfors, 
Sweden; La Praz, France; Turin, Italy; and Livet, France. 


GYSINGE.—KJELLIN PROCESS. 


At the Gysinge works, steel of superior quality is made by the smelt- 
ing together of charcoal-pig and scrap in electric furnaces of the Induction 
type, ie., furnaces without electrodes. The process does not 
permit the purification of the materials entering into the com- 
position of the steel produced, the quality of the steel depend- 
ing entirely upon the purity of the component materials employed. The 
process, therefore, corresponds to the crucible steel process, but has cer- 


2 
tain advantages over the latter, in that the melted material is at no time 
during the operation exposed to gases, which absorbed, deleteriously affect 
the quality of the product; moreover, the absence of electrodes, employed 
in all other classes. of electric furnaces, avoids contamination of .the 
molten material with the impurities which may be contained in the elec- 
trodes. 
The Furnace. 
Description :— 

The furnace, of 225 H.P. capacity, is the invention of Mr. Kjellin, 
and is of the aie type, corresponding to a step-down transformer. 
Fig. 1 represents a vertical section through the tap-spout, and Fig. 2 a 
horizontal section through A B. The primary A A fig. 1 consists of a 
coil of insulated copper wire wound about one leg of the magnetic circuit 
CCCC. The secondary is formed by the charge contained in the an- 
nular grove B B. To the primary an alternating current of 90 amperes 
and 3,000 volts is delivered. This current induces in the charge forming 
the single turn of the secondary, according to Mr. Kjellin, a current of 
3,000 amperes at 7 volts. The conversion of electric energy due to the 


resistance of the charge takes place, therefore, in the substance of the 
charge.. 


The furnace consists of a cylindrical iron casing L L, partly closed 
at the base, resting upon the brick foundation E E. The casing is lined 
with fire brick D’ D’, and the portion D D (as shown in figs. 1 and 2) is 
filled in with the exception of the annular grove B B, and the space F 
with magnesite or silica brick, according as a basic or acid lining is requir- 
ed for the grove, which forms the melting space or crucible. 

The space F F, surmounted by the iron cylinder F’, to which the pipe 
G is attached, serves the purpose of cooling the primary by the draft of 
air passing through it. In addition to the air draft, water circulation is 
employed to keep down the temperature in the space occupied by the 
primary. K K are covers for the annular crucible, and H the tapping 
spout. 

The upper part of the furnace is (see Plate IT) at the same level as 
the working floor and the charging is effected by simply removing the 
covers K K, and putting in the material. Since the heat is produced in 
the metal contained in the annular crucible, the slag which has formed is 
at a much lower temperature than in other ea fusnaers and as a conse- 
quence the workmen suffer little from the heat. 


The following figures, which could not be determined by the Com- 
mission relating to the efficiency of the furnace, are given by Mr. Kjellin: 

From a series of trial runs, the production with this furnace aver- 
aged 4,100 kgs. in 24 hours, with a power of 165 kilowatts, or 225 electric 
horse-power. The loss of eat by radiation, tranaforis tae &c., at a 
temperature of 1,400° C, amounted to 80 kilowatts, this amount of Meh 
being required to keep ine temperature constant at 1,400° C. 


3 


The temperature of the fluid metal at tapping is from 1,600° to 
IETO0 RC. 

The total efficiency of the furnace is 454%. 

Plate Lis a general view of the furnace in the act of being tapped. 
Plate ILis a top view, showing to the right part of the magnetic circuit 
and the ventilating drum; to the left the electric measuring instruments in 
position for the determination of the electric energy input. 

The cost of a furnace of this type of 600 H.P. is, according to Mr. 
Kjellin, about $4,000. 

| Measurements of Electric Energy. 


Since the measurements of the absorption of electric energy consti- 
tuted the most important factor in ascertaining the cost of producing steel 
by this method, and since I had no guarantee of the accuracy of the elec- 
tric measuring instruments employed at the works, standard instruments 
were rented from David Bergman, Consulting Engineer in Stockholm, 
and placed in the circuit. 

Mr. Brown reports for charges Nos. 546 and 547 an absorption of 
electric energy per ton of product Fog 0.116 and 0.145 electric horse-power 
years respectively. For further electrical details, refer to Mr. Brown’s 
report, pages 45-51 and 58. 

Cost of Steel by the Kjellin Process. 

Mr. Harbord reports the estimated cost of steel by the Kjellin pro- 
cess to be $34.00 per ton of 2,000 lbs. For details entering into the caleu- 
lation for the cost, such as cost of materials, wages, renewals, &c., see Mr. 
Harbord’s report, pages 64-67. 

The capacity of the furnace is comparatively small, but for a larger 
plant Mr. Kjellin states that three furnaces of the pattern now used might 
be joined into a compound furnace, and supplied with a 3-phase alternating 
current. This would treble the capacity and reduce the wages, since the 
number of workmen now employed in operating the one furnace could 
attend to all three. | 

Quality of the Steel produced. 

Samples of the steel produced and of the materials employed were 
taken and shipped to England, to be tested as to quality and composition. 
For results of this investigation of the Gysinge Steel, see Mr. Harbord’s 
report, pages 59-64, 68, 69, 79, 80, 82-86. 


Cost of Power per Electric Horse-Power Year at Gysinge. 


The following figures on which the cost of power per electric horse- 
power year, ne aaa at the furnace, is based, were furnished by Mr. 
Kjellin. 

Oe etm cepati tence. io. thee fess cayaie le vtanglMu eth dacace, cake $22,000 

We POmEDOMCEMIOIIseR. tk cee lhere Sasi umes 4 ope SPE 10,000 


$32,000 
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The quantity of water which can be delivered by the canal at low _ 


; . . . 1 
water is 22 cubic meters per second. ‘The head is 35 meters. 


Allowing 


an efficiency of 75% for the turbines, the available horse-power is 770. 


225 horse-power are delivered to the furnace. Losses in generator, 


exciter and line, 40 H.P., a total of 265. 


Part of cost of power house and canal to be charged to 


power tor-electrie turnace 18.°5.". . . /</.)..5) eee $11,000 
Costupt tarDINe wy. mwas wb be vole a err 1,900 
lars, PANG B veg smn obg yiyel sae. dix ey Al urdae herd ogetere ARERR 235 ee 500 
Generator and “exciter 25.0204. 2.200 + ce. eee 5,850 
rans sstOn sl Micemese ry te, =) ave ert iy he eee Ph ak 1,000 
Switch jboard ‘andvinstruments) 94... ae 600 
$20,850 

10% on first cost for interest, depreciation, repairs,taxes, 
Insurance, (Ger vei ih. ee ss $2,085 

The part of operating expenses which is chargeable to 
electric furnace’. 4h) ea ot Oe rey 00 
$2,585 


Cost of 225 horse-power delivered to electric furnace is $2,585, or 


$11.50 per electric horse-power year. 


Plate III represents the power house at Gysinge. 
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KORTFORS.—HEROULT PROCESS. 


From Gysinge the Commission proceeded to Kortfors, where the 
Héroult process of making steel had been in operation. The manager, 
Baron Hermelin, informed me, that having in stock some 800 tons of 
electric steel, the furnace would now be employed for the making of ferro- 
silicon for which there was considerable demand. He was good enough, 
however, to put the furnace in operation to show its working, but no mea- 
surements of any importance were made, since the same process would he 
investigated at the inventor’s plant at La Praz, France. 


LA VPRAZ. 


Steel at the works of the Société Electro-Metallurgique Francaise 
at La Praz is made from scrap melted down, purified by the making of a 
number of slags, and carbonized in the furnace by carburite. This 
process, unlike that adopted at Gysinge, permits of the purification of the 
materials employed, and different grades of steel are made without dith- 
Culay: 

; The Furnace. 

Description :— 

The furnace is of the tilting pattern (see Plate IV and figs. 3, 4, 5, 6 
and 7). It consists of an iron casing lined with dolomite brick H H, and 
magnesite brick around the openings. The hearth is formed of crushed 
dolomite K, rammed on top of the dolomite brick lining of the bottom 
of the iron casing. Two electrodes E E pass through the roof of the 
furnace, which, in the Kortfors furnace, were water jacketed for a short 
distance above and below their passage through the iron casing of the 
roof. The current passes from one electrode through the narrow air gap 
left between the electrodes and the slag line, into and through the slag 
to the molten metal, along it, through the slag and second air gap, to the 
other electrode. An alternating current of 4,000 amperes and 110 volts 
was delivered to the electrodes. The intensity of the current passing 
through the bath is regulated by adjusting the width of the air gap be- 
tween thé electrodes and the slag line. This adjustment is effected either 
by hand or automatically by a specially constructed regulator. In the 
former case (see figs. 3 and 5), the motor P is thrown out of action by 
lever T. Z, operating on pinion S, which engages the teeth of rod RK, 
is rotated right or left handed to lower or raise the electrodes. Diagram 
(fig. 8) illustrates the principle of the action of the automatic regulator, 
and Plate V gives a general view of the pair of regulators employed at 
La Praz. 
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In fig. 8, B is an iron wire connecting the bath of metal with the iron 
easing C of the furnace. The current due to the difference of potential 
between the metallic bath and the electrode E passes through the volt- 
metric suction coil S, the movable outer coil of which, operating the rod 
D pivoted at T, and regulated by spring A, imparts motion to the hori- 
zontal staff D’ in a vertical plane, with every variation of difference of 
potential in the circuit. N,a pulley driven by a small motor, oper- 
ating by means of the crank M and the connecting rod L, oscillates the 
part U, which is pivoted at Z. The dogs X X’ attached to U partake of 
ihe oscillation of U, but in their backward and forward motion fail to 
clutch the staff D’ as long as the variation of voltage in the cireuit does 
not exceed 2 volts; when this limit is exceeded either way D’ rises suthi- 
ciently high, or is depressed sufficiently low, to be clutched by either X 
or X’. When this occurs the projection n of the respective dog is brought 
into contact with the respective side of the triangular plate G G, to which 
the prongs H H, pivoted at Z, are attached by springs K K. This resulis 
in bringing the copper piece O, the suspending rod of which is also pivoted 
at Z, into contact with the respective carbon block Q. From the diagram 
it will be seen that the direction of the rotation of the motor P, which 
raises or lowers the electrodes E EK, depends upon the contact made by O 
with either Q or Q’, and hence upon the rise or fall of the voltage in the 
circuit beyond the limit of 2 volts. 


Mr. Héroult states that the cost of the furnace (charge 2,500 kgs.), 
building and necessary equipment, such as ladles, moulds, crane, &e., is 
about 50,000 francs, or $10,000. This does not include the turbines and 
electrical machinery. 

Electrodes. 


The electrodes are square prisms 360™™ on the side and 170™ long. 
They are made from retort coke which contains from 1% to 2% of sul- 
phur. The binding material is tar. 


The coke delivered at La Praz costs 50 frances per metric ton, and 
the finished electrode 10 centimes per Kg. 

The electrodes are not entirely consumed, and the short ends remain- 
ing are worked over into new electrodes, at a cost of 2 centimes per Kg. 

The plant for making electrodes for one furnace is estimated by Mr. 
Héroult to cost $5,000. 

Electrical Measurements. 

A Thompson recording wattmeter had been rented in Paris from La 
Compagnie pour la Fabrication des Compteurs, and ordered to be sent to 
La Praz, to be used for the determination of the electric energy absorbed. 
Unfortunately, however, the meter did not arrive in time to enable us to 
have it put in circuit. The electric measurements at La Praz were, there- 
fore, made with the instruments (of Hartmann and Braun’s manufacture) 
permanently mounted on the switch board of the power house. The ab- 
sorption of electric energy per ton of steel amounted to 0.158 electric 
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horse-power years (English units). If tapped before completion of purifi- 
cation, the product to be employed for structural steel, the energy con- 
sumed amounted to only 0.1 electric horse-power years per ton. For fur- 
ther electric details, see Mr. Brown’s report, pages 53-55, 57 and 58. 


Cost of Converting Scrap into Steel. 


In a memorandum furnished me by Mr. Harbord, at La Praz, the 
estimated cost of converting scrap into steel by the Héroult process, e&x- 
clusive of cost of scrap and metal, amounted to $14.00 per ton of product, 
For details, see Mr. Harbord’s report, pages 73-75. 

The following classes of steel are made at the La Praz works and at 
the selling prices per ton of 2,000 Ibs. set opposite the description :— 


DiccUMomrexeoptional vHardneds it. oe hens Cee $363.60 - 
acs HX trauharar steal wit ie ee ule a. anh: 272.60 
Wie cory plard eleelic. olan viene eels clams. 272.60 
PES is leo (Or Dae etd Fo MAT eA MERA) 2 ae ce a a 218.00 
eee edit shard, eteek «ures Go uit atic ee 218.00 
eo. Lonon.) medium hard steel’. a. y Gu yh 145.40 
Oc Aided Wo Deal vert) Hh Me rs PO 145.40 
Rr = LOU an Tilda tee er ue wizus cates.) Nar eke 123.20 


For results of analyses of the La Praz steels and their qualities, see 
Mr. Harbord’s report, pages 70-72, 75, 76, 79, 81, 87. 
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Production of Pig. 

Mr. Héroult was good enough to make some experiments for us in 
smelting iron ores. The furnace employed was exceedingly simple, con- 
sisting of an iron box of square cross-section, open at top and lined with 
refractory material. The bottom of the casing was provided with a car 
bon plate which constituted one terminal of the electric circuit, the 
other terminal consisted of a carbon electrode of square cross-section about 
3 feet in length, and placed vertically in the open top of the furnace. By 
hand regulation the distance of the electrode within the furnace could 
be varied. 

The charge was placed between the carbon plate at the bottom of 
the furnace and the vertically-adjustable electrode, and packed around 
the latter in the space between it and the walls of the furnace. 


The ore employed was in a more or less finely divided condition. The 
eases developed in the zone of fusion and reduction could not, therefore, 
readily escape, and whenever the pressure of the formed gas exceeded the 
weight of the charge above it, a blow-out would occur ejecting part of the 
charge. This, of course, would not occur if the charge consisted, not of 
fines, which prevent free egress of the gases formed, but of coarse 
material, with interstitial spaces for the discharge of the gases. 

These experiments were made for us by Mr. Héroult for the purpose 
of demonstrating the simplicity of the process of reducing iron ores by 
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the electric process and it was not intended to demonstrate a figure of 
cost per ton of pig produced by this process. For further details, see 
Mr. Harbord’s report, pages 89 and 90. 


Plate VI represents a view of the interior of the power house of the 
La Praz works, and Plate VII a general view of the works. 


LIST OF CANADIAN PATENTS GRANTED TO THE “SOCIETE 
ELECTRO-METALLURGIQUE FRANCAISE,” OF 


FROGES (ISERE). 


November llth, 1902—No. 78160. 
Improvements to electric furnaces, for the purpose of producing mild metals, and 
other products, which must be protected from the action of the carbon of the electrodes. 


March 17th 1903— No. 79716. 
Tilting electric furnace, Héroult process. 


November 3rd, 1903—No. 83762. 
Process and apparatus to utilize the waste heat resultiug from metallurgical opera- 
tions in general, and more particularly from the manufacture of pig iron. 


December 29th, 1903—No. 84615. 
Electric furnace with movable electrodes. 


September 14th, 1901—(Pending). 
Process and apparatus for the electrical manufacture of iron and steel. 


APPLICATION FOR A PATENT NOW IN PREPARATION. 


Process and apparatus for the electrical manufacture of pig iron, principally with the 
object of subsequent manufacture into steel. 


This application corresponds to French Patent of the 25th of March, 1904. 


LIST OF PATENTS OF THE “SOCIETE ELECTRO-METALLURGIQUE” OF 
FROGES, (granted to March 15th, 1904). 


Case A.—Improvements to electric furnaces, for the purpose of producing mild metals 


and other products, which must be protected from the action of the carbon of the 
electrodes. 


CounTRigs. (DATES oF THE PATENTS. Nos. REMARKS. 
PEANCE ay ass. : 27th March, 1900...... 298656 |In good standing. 
Germany ....... 4th July, 1900..... : 139904 - sey 
Belprum hac bine.: | 13th September, 1900..| 152052 ot ms 

Je IOC CSET Hare 29th oJuby TOOT ee see re 157894 |Patent of addition to preceding patent 
WAUStridven 236 8 antes [Ist January, 1902...... 7335 |In good standing. 
SPAM cca. idais ae 12th January, 1901..... 26586 cs a 

SNe aco acces 30th December, 1901... 28292 |Patent of addition to preceding patent 

Bopland ts. 2.1.0 13th September, 1900. . 16293 |In good standing. 
Pune any ee oe 16th September, 1900..| 21007 te ie 

‘ Daas? 2oth July, 190 sae ee 24576 |Patent of addition. 
Switzerland..... 20th October, 1900 .... 22947 \In good standing. 
Norway \...-.... 21st September, 1900 .. 10074 # s 

en eas eae usr aly LOOT ane nee 10888 |Patent of addition to preceding patent 
Ltal yan aw sane « 15th September, 1900. .| 38-57004 |In good standing. 

AED rad bare t aaa 2nd August, 1901...... 41-60695 |Patent of addition to preceding patent 

U.S. of America|3rd March, 1903...... 721703 |In good standing. 
Luxemburg .....|5th April, 1902 ........ 4747 s uf 
Manage Aoi llth November, 1902 .. 78160 t ‘ 
Sweden ........!15th September. 1900 . 16872 es a 
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Case B.—Process and apparatus for the electric manufacture of 
iron, pig iron and steel of various kinds. 


BOA Geto ae 12th November, 1900 ..} 305373 [In good standing. 

Boslatics:. 2s 1th Faly, 190 14486 a “S ~ 
Switzerland..... 13th August, 1901 ..... 24464 oe ee 

COIN eevee ates erates fotheOctober, 1902 Tiyaeb late.) as ee 


Case C.—Process and apparatus to make use of the waste heat, re- 
sulting from metallurgical operations in general, and more particularly 
from the manufacture of pig iron. 


| Sig Kae ae Pee a 13th November, 1900 ..| 305373 (In good standing. 
Bnglands cs. yo. Nye ace jal gig ULL) Weer ry Ane 14576 i y 
PUN ALY a) ioe 20te july, LOO la. 23449 Hi ¢ 
Belyium ’..03/ee er. apt uly sl OO Pek fo xe 157874 a i 
Ltal ys iacisje asl wiles USIPANS USE LOL EF sacs 41-60689 x : 
DPaliliecr+ ae cs 15th November, 1901 .. 22284 4 ok 
Switzerland..... 14th August, 1901 ..... 24580 es ng 
Luxemburg..... (the April; L902) seh. 4755 im és 
INOrWAYy, +4... .- Sth August; 1901 5. 11678 rs oS 
Chile eee Ae, 10th; December), 1902)... Weer. - we 
Canadaiauersis 5. 3rd November, 1903 ... 83762 bs f 


Case D.—Tilting electric furnace, Héroult process. 


Branca eis toss): Ist February, 1901... .... 307739 |In good standing. 
Erolandswh sy. ti: PSthojily; WOOD aie os. 14643 se es 
PAUSE Aen flaca els 15th December, 1902 . 11495 “s ve 
|e bray taa2) ee eee zsth fully, LOOT: veo ss. 24242 “ "s 
Switzerland..... 2Othr sully LOOM eos. fet-cu» 24347 ? 4 
Belgian 3.4 5. 26th, July 190 hey oes 157867 ‘ 
NOEWAY, 62/.6..0.2 29th falyahOOd: cycscl.. 11061 oe BS 
Peay ae 2 HOlstalulyse bol ees. 41-60655 |‘ a 
SY AEAUIE 13 Seen eee ee 15th November, 1901 . 28282 as y 
U.S. of America./26th August, 1902 ..... 707776 i cs 
Canada ssa. on. igthe March, 1903000 a: 79716 7 a 
Cini lige cent 28th November; 1902 Ful. 5... 3: os 
Germany ...... 2X) Old fOH fared ES. Raa eee 148706 tr on 


Case E.—Electric furnace with movable electrodes 


Belgium:.¢).:.)..... 28th September, 1901..| 158907 |In good standing. 
TAO Uy oan Bnet 26th February, 1902...| 161378 |Patent of addition to preceding patent 

{ee 8 Vol ea ar a ae 12th February, 1902...) 318638 |In good standing. 
ISN SAAN soe 6 5s 15th Febcuary, 1902 .. 3912 s a 
PUM AL Vs 6:5 cstgi 8 Zid March; 19025. fics. 25074 “s “ 
eres 23rd February, 1902 ...| 42-62791 | ‘ es 
OATS hove. oe escd' June, 19028 2 24% 29282 . ef 
PSOE NVA | oop 20 os 28th February, 1902... 11311 * 
Switzerland..... 24th February, 1902 ... 25426 A tf 
Germany ....:. 22nd February, 1902.. 142830 hs . 
SIveden le... sie 4s 25th February, 1902 . 17072 ns 

I os0b Americal/th' July, $903). . 2. 25 .. 733040 x sf 

Rea MACA, = atc Yossi: s 29th December, 1903 .. 84615 Py os 
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Case F.—Process to deoxidize and carburize steel. 


Relenniny.c 20.6): 25th March) 902 scenes 162286 {In good standing. 

France . ...|25th April, 1902 . a 320682 a ne ’ 
Luxemburg ...../18th March, 1903 .... 0987 x pai, 

PUN ACV of on: 21st. March, 1903.22. 28587 es os 

tay sen tee ole 20th: March, [903 \oe8 170-149 ss c 

SPaliioevenies oan 26th June, 19032. 2 eee 31428 vs oh 

Norway ......../23rd March, 1903 12585 ee ot 

Elona neh, oe Sun Poth) March, VOO2) aise 6950 |Date of priority. 

Swedemee. Suey 41h March, 1903" see 17200 |In good standing. 


Case G.—Process to manufacture steel by electro-metallurgical 
means. 


PRAT ee ch Sian Tth: January 29037. 328350 [In good standing. 
Tey DO LOth, July, 1903... sae) ea Patent of addition to preceding patent 
PLGA i choc 28th March; 1903.4 3 28588 |In good standing. 
Sy sVeq ies VC mnaes ami 26th; March )903 few 7027 is ns 
Puxemburge |S: aoe November, 1905 .. 0301 ay bh 
BE Ub arcs an atk or anes 2%nd November, 1903..| 181-120 cf ve 


Case H.—Process for the extraction of nickel from garnierite and 
other ores. 


HANG 


In good standing. 


30th October, 1903 ... 336376 


Case I.—Process to deoxidize and desulphurize steel. 


PARC ENE who Bes (2nd November, 1903...| 336705 |In good standing. 


Case J.—Process and apparatus to electrically produce pig iron, prin- 
pally ae with the vy of its subsequent manufacture into steel. 


Krance lg. 


. , . . \ ° 
Note.—The following letter from Dr. Héroult, relating to improvement of his furnace 
whereby its capacity is nearly doubled, was received since the above was in type. 


OTTAWA, 9th September, 1904. 
DEAR SIR,— 


I have the pleasure of informing you that since your last visit to La Praz the steel 
urnace you saw there has been materially improved by 1 the addition of water jackets 
round the electrodes. 
The effect is this :— 
The output of the crucible has passed from 4 tons to 7 tons in 24 hours. 


The absence of air is so complete that we obtain a certain percentage of carbide 
of calcium in the slag, 


The loss of raw material has also greatly diminished. 


_Yours very truly, 
(Signed) P. HEROULT 
Dr. EUGENE HAANEL, 
Superintendent of Mines 
: OTTAWA 
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TURIN. 


Correspondence with Captain Stassano elicited the fact that the fur- 
nace built for the Itahan Government and erected in the Government 
Gun Ioundry in Turin had not been in operation for a number of months, 
the refractory lining of the roof having fallen in, and the new magnesite 
bricks ordered from Austria for the purpose of re-lining the furnace had 
not yet been received, nor could a date be given when the furnace could 
be seen in operation. Through the kind offices of His Excellency the 
British Ambassador at Rome, permission, however, was obtained from 
the Italian Government to view the furnace. 


THE STASSANOT PROCESS. 


The product depends upon the charge, which is calculated before- 
hand, and in the form of briquettes subjected to the radiation of heat 
from an electric are situated above the charge to be treated. Since 
nothing but heat comes in contact with the charge, the output and calen- 
lations agree. It is, therefore, simply a matter of compounding the 
charge, whether the product shall be steel or iron. The rotation of the 
furnace during the operation produces a proper intermixture of the melt- 
ing mass, which, according to the inventor, results in accelerating reduc- 
tion ‘‘ with great advantages from the point of view of the utilization of 
the heat and the preservation of the fire-proof lining of the furnace.” 


The Furnace. 
Description: 
Plate VIII is a general view of the latest type of rotating furnace, ac- 
cording to Capt. Stassano. Figs. 9 and 10 are vertical and horizontal 
sections of the same. 


The furnace is of the are type and consists of a cylindrical outer 
casing of iron surmounted by a conical roof. The furnace is lined with 
magnesite brick. The axis of the furnace about which it rotates 
during the operation includes an angle of 7° with the vertical. A 3-phase 
alternating current of 90 volts between the phases and 400 amperes is 
distributed to the three electrodes, which nearly meet in the centre of the 
interior of the furnace. Their distance apart is varied by a hydraulic 
regulator. Plate IX is a general view of the switchboard in front of which 
is seen the valve stand for the operation of the hydraulic cylinders gov- 
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erning the movement of the electrodes. The furnace had been employ: 
ed in the making of steel from scrap. 

By letter dated 23rd June last, Capt. Stassano informed me, that 
the refractory material having been received for the lining, a new cam- 
paign would be begun with the furnace in the first week of July. 

The following information relating to a furnace of his pattern, of 
1,000 H.P. capacity, was furnished by. Capt. Stassano. Cost of furnace, 
25,000 francs; output per day, 4 or 5 tons, depending upon quality of 
ore. ‘T'wenty furnaces would be required for an output of 100 tons per 
day. 

A current of 4,900 amperes, at 150 volts, is distributed to four elec- 
trodes, supplying 2 ares with 2,450 amperes for each are. 

The electrodes employed are cylindrical in shape 15°™ in diam., and 
from 1.30 to 1.50 meters in length. 1.50 meters of electrode weigh about 
60 kgs. Cost, delivered at Turin, 35 centimes per kg. Consumption, 
10 to 15 kgs. per ton of product. The lining is made of formed mag- 
nesite brick, requiring two days to replace. Lining will last, under 
most unfavorable condition, 40 days, but will require now and then slight 
repairs of the parts immediately in contact with the slag. 

Labour required: One man for each furnace, to regulate the are; one 
man for charging two furnaces, if plant is provided with machinery for 
handling charge mechanically, and five men for tapping six furnaces. 

The furnaces of the Stassano pattern, which had been in operation 
at Darfo, Italy, and description of which, with details of experiments, had 
been given by Dr. Hans Goldschmidt, are no longer in existence, having 
been destroyed by the private company to which the plant had been sold. 

A complete description by Capt. Stassano of his process is given in 
the appendix entitled, ‘“Electro-thermic Process for ‘the Reduction of 
Tron Ores,” by Ernesto Stassano, Rome 1902. 

The following is a list of patents of the Stassano process, furnished 
me by the inventor :— 


PISO R PAT Novo. 


LT ALY, 
: DATE OF DaTE WHEN 
NUMBER DEPOSITION GRANTED REMaRKS 
Vol. 34, No. 47476)March 17, 1898 ...|April 27, 1898 ....|Letters patent for one year. 
EP LOOr IN Os DUS FLT 5 os 7, 1899 ...|March 28, 1899....|Extension of the above named 
for 2 years. 
«¢ 39, No. 57471;/November 2, 1900.|April 26, 1901 ..... 1° Completion of the above 
named letters. 
ae S05 NO: Of4ere aie OOOO R eS 2G LOO Lae 2° Completion or the above 
named letters. 
“40,7 No. 59102, March 29, 490147: 25) july 18219017 teen Extension of the above named 
for 3 years. 
S JAS. Nos 715971 © 4 31, 1904.;...|May 16, 1904 ..... Extension of the above named 
for 1 vear. 
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List OF PATENTS 


Italy—Continued. 


WutBer DATE OF DATE WHEN R 
DEPOSITION GRANTED narra 
«« 39, No. 58380\January 24th, 1901|May 27, 1901...... Letters patent for 2 years. 
‘¢ 45, No. 67205| March 30, :1903....;|October 21, 1903..|Extension of the above named 
for 1 year 
$0248, Non 71598) °° 3. 8F, 1904... |May- 16,1904 4 22... Extension of the said letters 
| for 1 year. 
‘* 41, No. 60967|September 9, 1901)/December 31, 1901|Letters patent for 1 year. 
‘143, No. 63202/April 4, 1902...... August 23, 1902 ..|\Completion of above named 
; letters. 
“© 44, No. 65178|September 30. 1902)February 14, 1903 Extension of the above named 


for 1 year. 


«© | 47,..Nos 69378 eé 29, 1903 x 3, 1904 .|Extension of the above named 
for 1 year, 
AUSTRIA. 
INGai Look, A. si May ditt el SOS wn ulyy Opel Oos ee ac Letters patent for 15 years. 
TEMA ORAM les. 0 January 28, 191] ..)/February 19, 19U2.)1° Completion of the above 
named letters. 
BU Bo) U7 tol ee ne ae ae eer hNTa Vo Ge OOZ i is'6 alos 2° Completion of the above 
named letters. 
SE Berra stoie'e March Si lOUZ es seins aytietsns selcims store Letters patent still under dis- 
cussion, 
HUNGARY 
ING oPOG2ig sie es February78,;; 1901... July 12, 1901 oc. Letters patent for 15 years. 
Sete tens ces: ai1h March 18, 1902....|October 2, 1902 ...|/Letters patent for 15 years. 
FRANCE 
NOR SOTI0E Wc Januanyis); 190 i May6. 1901... vs Letters patent for 15 years 
Daas 2082 LU See March 8, 1902..... Pye LOO ZG antares: Letters patent for 15 years. 
SPAIN. 
ANG y BA we cost e oss. oe June SilS9S*. arse aly, 2ONS08 as aa. Letters patent for 20 years. 
SET A hee eee January 22, 1901 ../April 6, 1901 ...... Completion of the above named 
letters. 
I ee SSP AOA LOO Teetcdt ttt anes Suna a Completion of the above named 
. letters. 
SO Sart ie. tm March 26) 19027... May TO 1902 nyo Letters patent for 2) years. 
LUXEMBOURG. 
Now 34445 elise December 23, 1898|}December 23, 1898]Letters patent for 15 years 
ob 74] Uae Me March 7; 1902) ..,..: Mameh' 7): 1902.0. Letters patent for 15 years 
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NORWAY. 
DATE OF DaTE WHEN 
Sten 22 DEPOSITION GRANTED REM MES 
INO.SO10 Newnes Mayit6, 1898 cin September 10, 1900/Letters patent for 1b years 
Cf LOS 26 teats terior January 19, 1901 - “June 16,)1902.5 oes ae 
SC OOO Swear teak ay .|August "4, 1902... e y ens Si 
shea eis MPRA Gaon March 18, 1902 ...{|April 6, 1903 Waa é oe a CRE 2 
SOL Bain, oem October 11, 1902 ..;November 9, 1903. “s i See Coe: 
BELGIUM. 
Nos, 139427 fees December 6, 1898.|December 15, 1898/Letters patent for 20 years. 
‘SOLOS A Var. a avales March 8, 1902. a March 295 1002 3 f 
ENGLAND. 
NOt 1 IGOR aoe EN May 23,1898 oe 2 tale aes Naren erate ae Letters patent for 14 years. 
Rees TOOT Ie ae April, 9; 1902) Acne2 October 15, 1902 . nt aS 
SWITZERLAND 
No ZOU ties caters March:8, 1902 (010.7, May 31, 1903....... Tetiete Parcne for 15 years 
EC POLO Seer JOly il Lei SUStror ee 2 AD aE SOR cenit: 2 
SWEDEN 
No. ——-........ May 16: 1898.55 al) iiscsleieaa eat eons Letters patent still under dis- 
cussion. 
BS a Fal gaioheleie January) 24;°1D01 Sol oii stone peer Completion of the above named 
still under discussion. 
OS era ats hays, os Wy 265) LOO Vai Arian, Cameleon Completion of the above named 
still under discussion. 
“« 16914 »|\Marchy8;) 1902... 05" December 30, 1903]/Letters patent for 15 years. 
GERMANY. 
No! 141512 aos May 24, 1898..... May 28, 1903...... Letters patent for 15 years. 
<¢ —. ........ January, DO LOOL yc). eset a scratee Completion of the above named 
still under discussion, 
‘¢ ——........ PS AA LOOT peel eie alate stat etate are Completion of the above named 
still under discussion. 
M4456 eicle« March 10, 1902....|September 18, 1903/Letters patent for 15 years. 
| 
UNITED STATES OF AMERICA. 
No. ———........ June dS OSes ene es tare. iene Letters patent still under dis- 
cussion. 
fa A he er ADE) OO2 10k ciel taaent nee ol. eee eats Letters patent still under dis- 
cussion. 


In Russia, 
applied for. 


United States of America, and Canada, patents have been 
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PLATE IX. 


General View of Switchboard and Valve Stand for the Stassano Furnace. 


Fig. 9 


STASSANO ELECTRIC FURNACE 
section AB 


section CD 


as lo Ls 


LIVET, ISERE.—_KELLER PROCESS. 


By far the most important experiments witnessed by the Commis- 
sion were those made by Keller, Leleux and Company, at their works in 
Livet. Some 90 tons of iron ore were used for the various experiments 
made to demonstrate the commercial feasibility of making pig iron and 
steel direct from the ore by the electric process. 


The furnaces employed for these experiments were the furnaces used 
in their regular work of making, by the electric process, the various ferros 
such as ferro-silicon, ferro-chrome, &c. The company, at the time of our 
visit, was engaged in filling a rush order for ferro-silicon, but generously 
interrupted their pressing regular work to undertake the making of the 
experiments for the Commission. 


Furnace. 

Description :— 

The furnace is of the resistance type, and consists, see 
Plate X, of two iron casings A and B of square cross-section, 
forming two shafts communicating with each other at their lower ends 
by means of a lateral canal. The casings are lined with refractory 
material. Two different classes of furnaces were used for the experi- 
ments. In the case of the first furnace employed, the lateral canal was 
widened out at its centre to form a reservoir for the accumulating melted 
metal, from which it could be tapped after the slag had been withdrawn 
from tap-holes, one for each shaft, situated at the lower end of the shaft, 
at a higher level than the tap-hole of the reservoir. 


The base of each shaft is provided with a carbon block. These 
blocks are in electric communication on the exterior of the furnace by 
means of copper bars. The carbon electrodes to which the electric cur- 
rent is distributed pass two-thirds of their length into the shaft. 


Lining. 


Mr. Keller furnishes the following information regarding the lining 
of the furnace. ‘ The construction of the lining of the Keller furnace 
is very simple, for it is easy to prove that the source of heat being situated 
in the central part of the section of the furnace, the walls may be suffi- 
ciently distant to be protected by the poor calorific conductibility of the 
charge which is being operated on. 


The charge which descends and is renewed continuously, and the ex- 
terior radiation from the walls of the furnace, make it plain that the lin- 
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ing remains intact, even after long periods of operation. It has happen- 
ed at the Livet factory that badly made or insufficiently dry linings have 
tumbled into the furnace before it was completely filled by the charge. 
In relining this damaged part of the metallic wall by means of a proper- 
ly constituted charge we have always been able to re-form artificially the 
part of the impaired lining with the materials of the charge itself, to be 
treated on the way to transformation, and that without stopping the ap- 
paratus. 


A good method of making the lining is the following :— 


A wooden mould of the form of the interior outline, and leaving a 
space of about 15°™ between it and the casing, is introduced, and. into 
this space is rammed a mixture of burnt dolomite and tar.' According 
to circumstances, this lining may be separated from the metallic casing 
by a double casing of bricks and of sand, with a view of diminishing the 
radiation of the furnace. 


The channel uniting the two shafts is formed and lined in the same 
manner.” 


Method of Charging. - 


In starting the furnace the charge is introduced between the carbon 
blocks of the base and the ends of the electrodes, which latter are then 
in their lowest position. The current passes from one electrode through 
the material to be reduced to the carbon block, from thence outside of 
the furnace by means of the copper conductor to the other carbon block, 
through the charge in the second shaft, and to the other electrode. The 
current meeting in the two shafts with the resistance of the charge, the 
latter is heated, the reduced metal flowing along the canal conducts the 
electric current from one electrode internally to the other electrode. The 
exterior current diminishes as the amount of reduced metal increases. The 
electrodes are now raised, the charging continues, until finally the elec- 
trodes occupy their normal positions, and the shafts below the electrodes, 
and between the electrodes and the sides of the shafts, are completely 
occupied by the charge. Under these conditions but a small current 
flows through the external conductor, the main current passing within 
the furnace from electrode to electrode. This ingenious arrangement of 
providing a shunt for the current enables the furnaces to be worked 
continuously, without at any time varying excessively the load on the 
alternator. 

Electrodes. 


The electrodes are formed by an assemblage of four electrodes of 
square cross-section, 280 millimeter on the side, into a single mass of 
square cross-section, 850 millimeter on the side, and 1.4 meters long. 

The dimensions, measured after 48 hours of working, showed that 
the decrease of the electrodes in length was very slight. This can be 
understood when it is considered that the electrodes are but little affected 
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by the passage of a current of relatively low density; the parts of the 
electrodes not in contact with the charge do not become heated, and the » 
heated ends are completely submerged in a reducing medium. 


T'wo electrodes, which had already been in operation for 48 hours at 
the beginning of the test, were still in operation 13 days later. On the 
date of our departure these electrodes were still 1 meter long, their origi- 
nal length having been 1.4 meters. 


Mr. Keller contends that the electrodes employed for a furnace of 10 
tons output per 24 hours, and comprising two electrodes as above describ- 
ed, will last at least 20 days. 


The cost of electrodes per ton of product is estimated by Mr. Keller, 
from the experiments made for the Commission, to be 3.85 francs. 


: Experiments. 
Three sets of experiments were made for the Commission :— 


ist.—Electric reduction of iron ore and obtaining different classes 
of pig: grey, white and mottled. 


2nd.—FElectric reduction of iron ore containing a definite amount of 
carbon in the charge, with a view of ascertaining the 
amount of electric energy absorbed in the production of 
one ton of pig iron. 

3rd.—The manufacture of ordinary steel of good quality from the 
pig manufactured in the preceding experiments. 


The different classes of pig iron, grey, white and mottled, were ob- 
tained without difficulty. 


On account of the cooling down of the furnace resulting 
from the cutting of the circuit for the purpose of putting 
our wattmeter into position, the metal set in the central’ 
crucible, and after a time the furnace began to work irregularly. 
It was, therefore, decided by Mr. Keller to employ another furnace for 
the second set of experiments, i.e., for the ascertainment of the absorp- 
tion of electric energy per ton of pig produced. This furnace differed 
from the former only in the absence of the central crucible in the lateral 
connecting canal, and tapping had to be done by means of the tap-holes 
situated near the base of each shaft. Metal and slag were run together 
into the molds, and the pig, when cold, was freed from the slag by a few 
blows of a hammer. 


Throughout the experiments the furnaces worked quietly, and with- 
out the slightest accident; the gases discharging on top in flickering 
flames, showing that the gas resulting from the reduction of the ore es- 
caped at low pressure. The workmen were ordinary Itahan laborers, 
without any special training. 
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The jaws of the crusher to break the ore were set at 2 inches, and 
the components of the charge were only roughly mixed. For the metal- 
lurgical details of the experiment, see Mr. Harbord’s report, pages 90-108. 


Plate XI is a view of the pig iron produced for the Commission at 
Livet. In the foreground are seen a number of castings, such as columns, 
pulleys, gear wheels, plates, &c., made from the metal drawn directly 
from the furnace. The castings showed sharp edges, comparatively 
smooth surface, and were sound throughout. | 


At. the close of the experiments for determining the electric energy 
absorbed per ton of pig, Mr. Keller, at my request, made trials of sub- 
stituting charcoal for coke as the reducing material in the charge, and 
although the experiment, in the form it was tried, proved a failure, Mr. 
Harbord (see his report, page 104) agrees with Mr. Keller, that char- 
coal could be used provided it were first briquetted with the ore and the 
briquettes broken up to the size of one inch cubes. Peat bogs abound in 
Ontario and Quebec, and peat coke, which is much more solid than soft 
wood charcoal, could doubtless be substituted with good success for the 
mineral coke which had been used in the experiments described. 


Electrical Measurements. 


In order to ascertain with accuracy the electric energy absorbed, the 
Thompson Recording Wattmeter rented from the Paris Company above 
mentioned was put in circuit. For this purpose it was necessary to cut 
the heavy copper bars of the circuit and make connecting pieces for the 
wattmeter. Although this delayed the beginning of the experiments 
somewhat, and endangered the satisfactory working of the furnace, which 
had already been put in operation, by the probable setting of the molten | 
metal in the central crucible, as indeed was afterwards found to have 
occurred, Messrs. Keller and Leleux consented to interealate our watt- 
meter. It was soon found that there was a serious discrepancy between 
the watts delivered as calculated from the company’s instruments and as 
read on our own wattmeter. In fact our wattmeter was claimed to re- 
cord an input of watts greater than the machine could deliver. It was 
afterwards found that the wattmeter had been 33% fast when it was 
recalibrated by the firm from whom it was obtained, under the same con- 
ditions under which it had been placed at Livet. When the second fur- 
nace was employed it was found to be impossible to introduce the record- 
ing wattmeter in the circuit. To obtain reliable data of the absorption 
of energy, the Director of the Electro-technical Institute of the Univer- 
sity of Grenoble was asked to calibrate the voltmeter and ammeter with 
which the readings were taken, and to determine cos. ¢ for the alter- 
nators Nos. 4 and 2, which had been employed to furnish current for the 
furnaces. The following is a copy of the certified results, and Plate XIT 
is a view of the apparatus employed for this determination. 
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UNIVERSITE DE GRENOBLE, FACULTE DES SCIENCES, 
INSTITUT ELECTRO-TECHNIQUE, 
GRENOBLE, March 28, 1904. 
Tests made on Thursday, March 24th. 


Trials Conducted on Machine IV. 


Readings of V and I were observed on meters of machine No. IV in the engine room. 


Figures in the table given below are direct readings, to be corrected according to the 
standardizing of the meters. 


DIRECT DIRECT DIRECT eee 
READINGS. READINGS. Cos. @ READINGS. ge ee 
V (MEAN). I (MEAN). W (MEAN). 

70.3 9890 0.743 516,583 I 
70.1 9900 0.731 507,306 II 


Tests made on Sunday, March 27th. 
Trials Conducted on Machine No. II. 


Readings of V and I were made on meters of machine No. II in the engine room. 
Figures in table given below are direct readings. Watts were obtained by :— 
V (voltmeter reading) x I (standard ammeter) x cos. @ 


VOLTMETER| AMMETER ray a a lle ¥ aes 4 

READINGS. | READINGS. | Avene | W (MEANS). W= No. OF 

METER No. | METER No. I ¥ Cos. Oy) 1Vi.1) STanp’D. (COS. ¢) TEST 
130283 103137 ees) 
67.5 6313 8400 0.616 349272 I 
67.6 6246 §293 0.530) 302121 II 
67.3 6184 8260 0.545 302964 III 
64.5 4562 6185 0.375 149599 IV 
64.6 7775 10125 0.656 428408 V 


Standardizing of Thermal Voltmeter, 130285. 
March 28th, 1904. 


Voltmeter. Volts. Voltmeter. Volts. Voltmeter. Volts. Voltmeter. Volts. 
48 46.15 504 50.10 56 54.21 60 58.07 
50 48.16 54 52.28 58 56.15 62 60.14 


Note.—Temperature of surrounding air during standardizing = 13° cent. 


. Readings were made on red scale of meter. Index of apparatus was adjusted to 
zero before standardizing. 


Chief Engineer in charge of Tests. : 
Assistant Director of the Institute. 


(Se¢d.) | BARBILLION. 


Mr. Brown (see his report, pp. 44 and 45) remarks that the low figure 
for the power factors of furnaces Nos. 11 and 12 and Nos. 1 and 2 “is 
mainly due to the iron casing, which forms a magnetic circuit around each 
shaft of the furnace, and is highly magnetized by the large current, giving 
to the circuit a very high reactance. In case of the erection of a new plant, 
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this iron casing would be omitted between the two shafts or entirely. 
Either change should result in a very great improvement of the power 
factor, and a corresponding diminution of the kilo-volt-ampere input re- 
quired, and give very much better conditions of operation for the alter- 
nator.”’ 


This suggestion has been carried out by Mr. Keller in the latest type 
of his furnace (see figs. 18 and 14). In these furnaces the casings are 
omitted, and the brick work held together by bands. 


The energy absorbed per ton of pig produced is reported by Mr. 
Brown to be 0.475 E.H.P. years for the run, with furnace of 1,000 H.P. 
capacity, with an average current of 11,000 amperes at 60 volts, and 0.226 
E.H.P. years for the run with furnace of 808 H.P. capacity, with an 
average current of 7,000 amperes at 55 volts. 


For further electrical details, see Mr. Brown’s report, pages 36-45, 
55-58. 3 
Cost of Production of Pig by the Keller Process. 


Mr. Keller’s estimate of cost per ton of product, based on the energy 
consumed in the second experiment, and found to be 0.226 E.H.P. years, 
is as follows :— 


1. Ore (Hematite, 55% iron), 1.842 tons, at $1.50 per ton...... $2.76 
2. Coke, 0.34 stons, at bi00npereteliw ao 2: pute Cenc sue emeee 2.38 
3. Consumption of electrodes $45.00 per ton, 34 lbs. per ton 
OP, TON Nie Wee eta: oi iene tele aan Eger te eae cais anette otis ea 0.77 
4. Lime,300. Tbs: ati 82.00per tome ys scone cia ee nee mien 0.30 
5 eebabor./ at 61.00) sere dayctal ast tency. a leec ets eae e ate eee ere 0.94 
6. Electric energy, 0.226 H.P. years, at $10 per H.P..year...... 2.26 
(> Mascellancoussmaterrals |i. 8h yy. /es. © einen te ae cad ye mes ae 0.40 
S.Repalrs” and Wma imben ances sa tna. fain sual iaems tes Car eevee enema ete 0.20 
OpiCreneral expenses wlan iii eeta tae suman te prance ig emer nea es eee 0.20 
10. Amortization (machinery and buildings)...0. 00... 0.50 
Totalsexelusive ot (noyaliviy on0y irae aoe $10.71 


Mr. Harbord has furnished reasons (see his report, page 109) for 
assuming the mean of the determinations of the two sets of experiments 
made, i.e., 0.850 E.H.P. years, to be a safer figure on which to base the 
calculation of cost per ton of pig produced. With this change in the 
amount of E.H.P., and 100 lbs. additional of lime, the cost per ton of pig 
is $12.05. For full discussion of costs, see Mr. Harbord’s report, pages 
108-118. 


Production of Steel. 


In order to satisfy the Commission and to effect a rapid demonstra- 
tion of the electrical manufacture of steel, the following experiment was 
made :— ? 
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Soft scrap was melted in the furnace, and the carburizing was effect- 
ed by means of the pig electrically manufactured on the preceding days. 
Mr. Keller endeavoured to obtain a steel which could be used for rails 
containing, say, about 0.50% carbon. Owing to lack of time, the refining 
was not carried to its completion, and consequently neither was the de- 
phosphorization. 


FURNACE WITH A PLURALITY OF HEARTHS. 


Mr. Keller furnished the following information regarding his fur- 
nace with a plurality of hearths, and the installation of a plant producing 
100 tons of pig iron per day. See figs. 11, 12, 18, 14, 15, 16, 17 and 18. 


Construction of the Furnace. 


“ The interior of the furnace comprises several very distinct parts: 


1st.—At the lower part, the crucible of the furnace in communica- 
tion with the central crucible connecting the hearths. 


2nd.—The boshes of the furnace in the form of a truncated cone ex- 
panding towards the top—which constitutes the zone of 
liquefaction of the slag, and of decantation of the metal 
and slag. 


3rd.—The body of the furnace, of an elongated and slightly conical 
shape, widening towards the base. 


4th.—A hopper of conical form widened towards the top. The upper 
part of the hearth, just below its junction with the boshes, 
constitutes the zone of the furnace where the maximum 
reducing action takes place. 


The gas proceeding from the reduction rises in the body of the fur- 
nace so that the charge filling this part, already heated, more by caloric 
conduction than by radiation, from the intense heat situated at the centre 
of the furnace, comes in contact with the hot gases, producing a partial 
reduction of the oxide of iron. 

The body of the furnace ought, therefore, to be sufficiently high in 
order that the gases, traversing an adequate thickness of charge, may 
pass out from the mouth of the shaft, cooled and without pressure. 

In a final type of furnace Mr. Keller will provide the wpper part of 
the furnace with gas collectors, for the purpose of wtilieing the escaping 
gases for the preliminary drying of the charge, by making these gases 
pass in a state of combustion through the chargers which carry the charge 
to the charging hopper. 

Electrodes. 

For the type of furnace proposed for the installation of a plant of 
100 tons capacity, the electrodes will be increased to 1.0 meter on the side 
and an auxiliary electrode will be provided for the central crucible, to 
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be employed to heat the contents of it, in case for any cause there should 
prove to be danger of the metal setting. See figs. 11, 12, 13 and 14. 


To ensure the continuity of the work, the renewing of the electrodes 
in the Keller furnace is effected in a few minutes by means of a very 
simple system of two carriages running on perpendicular rails, and each 
capable of bemg placed in the axis of the shaft. See figs. 15 and 16. 

When the replacing of an electrode becomes necessary, the new 
electrode (see Plate XIII) all prepared and suspended by its own system of 
elevation, is hoisted on the charging floor of the furnace and brought near 
the corresponding shaft; the electrode to be removed is brought out and 

taken away by means a its rolling system. 

The new electrode is immediately put into the place of the old one. 
During this time, the source of energy does not undergo any variation on 
account of the method of distribution employed. In fact, the total in- 
tensity, half of which passes into each electrode of the same pole in the 
normal working of the furnace, passes now into the one electrode remain- 
ing alone on this pole during the time of the replacing of the second elec- 
trode. This increase of intensity during a few minutes cannot derange 
in any way the working of the apparatus. 

The manipulation of the electrodes and the control of the electric ae- 
tion is effected from a single station on a working platform, where the 
operator has all the measuring apparatus under his eyes. 

The operation is so easy that a single man can readily superintend 
the regulating of a whole battery of furnaces. 

The Commission has been able to observe that the measuring appar- 
atus showed very steady current, and presented only very slight and pro- 
gressive variations, not necessitating any special skill on the part of the 
person attending to the regulation. 


INSTALLATION OF A PLANT PRODUCING 100 TONS 
OF PIG PERI 24°HOURS. 


The experiments performed at Livet have shown that to produce 100 
tons per day will require 9,750 electric horse-power at the electrodes of 
the furnace. 

To provide for the excitation of the transformation, for the energy 
consumed by the various motors built for the accessory operations, and for 
various contingencies, there should be provided an installation of 11,000 
KE. H. P., which would correspond to an effective hydraulic power of 
approximately 12,000 H.P., or for the height of the fall of 15™ indicated 
a delivery of about 80 cub. met. per second. 


PROJECT. 


On these bases the principal lines of the project would be the fol- 
lowing :— 
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Five active furnaces with four hearths each will be provided, each 
furnace will be capable of absorbing 2,000 horse-power with the normal 
power corresponding to the force of 9,750 H.P. indicated above, each fur- 
nace will absorb:— . - 


9,150 — jor9 HP. 


ind 


say, 1,440 kilowatts. At the pressure of 70 volts per group of two © 
hearths, the intensity corresponding to this power calculated for Cos.¢=0.75 
should be :. 
1,440 
400x075 — 28,000 amperes. 


Say, 14,000 amperes per hearth. 


Note.—The Commission has seen the Livet furnaces working at an 
intensity reaching 12,000 amperes and has been able to note that the use 
of such intensities was very common in this works, and did not give rise 
to any accident. | 

Machines. 


In such a project the practical experience which we have acquired 
leads us to propose, even if the plant is erected where the hydraulic power 
is developed, the use of transformers installed with alternators, giving 
current at a mean pressure of, say, 3,000 volts. The working of alter- 
nators at low pressure and very large current gives rise to enormous heat- 
ing, which produces serious disturbances in an industry which requires 
before all else an even continuity of operation. 

On the other hand, it is of great value in the electro-metallurgic in- 
dustry to be able to replace a generator by another in case of accident, 
which is only practically possible with transformers. 

At the pressure of 3,000 volts, the primary current of the above 
groups would have an intensity of about 500 amperes, which would re- 
quire a line of small section, comparatively inexpensive, permitting the 
employment of rapidly movable connections to be placed in circuit with 
any machine whatsoever, on any furnace whatsoever, by means of cor- 
responding transformers. 

Finally, in this case we should arrange the transformers in such a 
manner that they could be rapidly replaced in case of accident by cutting 
them out individually rather than by breaking up their system of con- 
nection with the primary and secondary lines. 

Each group would supply two transformers in parallel, the secondary 
circuit of each transformer would supply, in an independent way respect- 
ively, each of two hearths in parallel with the furnace. 

The theoretic power of each group should, therefore, be about 2,250 
hydraulic effective horse-power. 

Turbines of 2,250 horse-power and alternators corresponding to this 
power and calculated for cos. ¢ = 0.75 should be provided. The in- 
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stallation ought to include two groups of spare Se alts complete, with 
their transformers. 


Note.—It would be useful to make a new determination of cos. ¢ 


corresponding to the construction of the furnace, with all the appropriate 
accessories. 


Five furnaces would suffice to insure the intended production. These 
furnaces would be of four hearths, the hearths being in parallel of twos, 
the groups of two in series being connected across a central crucible. 


Two furnaces, with complete spare generators, should be provided. 


The seven furnaces would be arranged in a line as near as possible to 
the wall separating them from the machine room; the transformers should 
be placed very near the other side of the wall, in such a manner that the 
secondary lines may be as short as possible. The metal would be run into 
a movable reservoir installed on rails, and run in front of the furnaces 
by means of an electric trolley system. 


The single tappings of the furnaces, of which we have just spoken, 
amount to about 2,000 Kgs., say 10,000 Kgs., for the entire battery of 
furnaces. 


The transformation of the pig into steel could, therefore, be made 
per 10 tons at a time, in a room adjoining the ee room, elther by 
means of a converter, or by means of some other appropriate system. 


The slag would be tapped on the opposite side of the furnaces, and 
run by trucks directly outside. 


The manipulation of the electrodes would be effected at a station 
placed behind the wall facing the front of the furnaces, in such a manner 
as to protect the operator fon the heat of the tappings. 


If found more expedient, the manipulation of all the electrodes of 
the five furnaces could be concentrated at a single station. 
Manufacture of Electrodes. 


In supposing that an electrode will last 20 days, it is found that 20 
electrodes are needed in 20 days, say 1 electrode per day. 


For this it is intended to have three furnaces to bake the electrodes, 
and the corresponding accessory apparatus (see fig. 17). 
Raw Material. 


The handling of the raw material necessitates a very careful study 
in order to diminish the manual labour as far as possible. 


It is necessary to consider that the plant projected will require the 
handling of about 250 tons of material per day. 


We think that the general scheme ought to be carried out on the 
following lines. 
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The raw material should be brought to the plant in wagons circulat- 
ing on a platform, permitting of their being dumped into bins. 


At the lower part of these bins, inclined channels would feed the 
jaw-crushers directly by means of automatic distributors. 


The crushed material would be raised to the weighers-in, who would 
return it mixed in the desired proportions to a bucket elevator, supplying 
the floor of distribution with the material for the charges of the furnaces. 
The distribution would be effected either by conveyors or by wagonettes. 


The charge would be sent down into the shafts of the furnaces by 
the feeding column, which utilizes the heat of the gas leaving the fur- 
naces. 


Note.—The process employed at the Livet works permits the use of 
materials coarsely broken and mixed in a very rough way, which is a great 
advantage, owing to the facility with which it can be done, and to the 
economy of the preparation and the handling of the charge.” 


LIST OF PATENTS OF THE CIE ELECTRO-THERMIQUE 
KELLER ET LELEUX APRIL ist, 1904. 


France. 
Registered Subject 
to Agreements of 
{ Industrial Con- 
DESIGNATION OF No. OF DATE OF Registra- vention. 
PATENT. PATENT. REGISTRATION. tion No. ae 
DATE ON WHICH 


PATENT COMES 


IN FORCE. 

Furnace with two hearths 300,500 |21 May, 1900...... 
Furnace with two elec- 

TEOO SS 6 ius iarsrapepene seh aves B00 G50 e123) May; LOOO es) s ol ous satus 1] October, 1899 
High furnace and process 

for the manufacture of 

NOV Rae sal aicst re kas anes 312,470 |6 July, 1901. ..... 
Process for manufacture 

Ol AMOV Si. lx\e)ofeie Ashes SL 2a ee sl On tly) OO Lee. crs ois 
Furnace without elec- 

TEU GS eich Maret in ee 314,858 (9 November, 1901. 
Process of fusion and re- | 

PICU rp iiare: 3075! viay eee 322,700 |2 July, 1902....... | 
Improvementstoprocess of 

fusion and refinery .... 329,013 |2 February, 1903.. 
Triple alloy of iron, silicon 

and manganese ...... 334,504 |8 August, 1903.... 
Improvements to electric 

PUCKAOES 4 nil rote 336,403 |2 November, 1903. 
Furnaces with multiple 

chambers (hearths) ce c-alcuine oe ony eele’ 13 February, 1904. 6361 
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Germany. 
Registered Subject 
to Agreements of 
DESIGNATION OF No. OF DATE OF Repistra-| awe on 
. PATENT. PATENT REGISTRATION tion No. Venton: 
DATE ON WHICH 
PATENT COMES 
IN FORCE. 
Furnace with two elec- 
CLOG ES Hea tea ais) el Sey 129,282 |16 December, 1899. 
Furnace with two hearths 122271, 128 One yd QUO na: 
Electric high furnace .... 147,582). SO uly, lOO Liha 
Furnace without elec- 
trOGeS WAG asia eeee EN 140,838 |31 January, 1902 .. 
Improvements to process 
of sion and Wennery pa Mies al, eee 6 February, 1903 ..| 24680 
Improvements to electric 
TURN ACES Waa eek eae ee cen 2 November, 1903 . 
Furnaces with multiple 
chambers\(hearths))e:o Mos tose 20 February, 1904 . 
England. 
Furnace with two hearths 22,584 |11 December, 1900):.....:.. 21 May, 1900 
High furnace and process 
for the manufacture of 
BLO VS ie iia te ete lst ks 24,234 |28 November, 190]|......... 6 July, 1901 
Process of fusion and re- 
HMERV ARN SOME Ee Rene 15,271 |8 July, 1902. 
Process for manufacture 
Of, ANOVE yer etwas 24.2350 (28 sNOVember, LOO lA aEGr sinc 6 July, 1901 
Furnaces with multiple 
chambers: (heatths ) fo:h20. 02s.) Sea 15 February, 1904 . 3790 
Canada. 
Furnace with two hearths 74,882 |25 February, 1902. 
Improvement of the pro- 
cess of fusion and refin- ; 
TEL ease URAL Lene ep enit da SEL Ie Tue 12 June, 1903. 2... 
Furnaces with multiple 
chambers(hearths) Wliagnm eee sales 27 February, 1904 .| 110,429 
United States of America. 
Furnace with two hearths 688,861 3. December, 1900.31... Ae. 21 May, 1900 
Electric High furnace.... 754,656 |17 January, 1902...|......... 6 July, 1901 
Process of ‘fusion and 
MOTMENY soya. 5 cay aoe wean alts Mea ely Varela te 12 August, 1902 ...} 119,385 
Furnaces with multiple 
chambers (hearths)... 0)¢4ysen. et 26 February, 1904 .| 195,324 
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Belgium. 
Registered Subject 
to Agreements of 
Industrial Con- 
DESIGNATION OF No. OF DATE OF Registra- vention. 
PATENT. PATENT. REGISTRATION. | tion No. ea 
DATE ON WHICH 
PATENT COMES 
IN FORCE, 
Furnace with two elec- 

PEOGCS ho tar pat cts 146,653 |11 December, 1899 
Furnace with two hearths 153,219 19: November. 1900s |... 21 May, 1900 
Electric High furnace.... 160,605 |30 December, 1901|......... 6 July, 1901 
Process for manufacture 

Ofer Sys ai mane: "5, 160/825). “10 Janoarys T9026. oii nae 6 July, 1901 
Furnaces with multiple : 

GHA MIDErS MMEATENS) o0 020s os cee sw se 15 February, 1904.| 140,312 

Spain. 
Furnace with two elec- 

LEORGESE Toma ar Aw ZO,US iin 2OUM ay, 19008 ions. dtte) hw Ay 11 December, 1899 
Furnace with two hearths 26,869 |20 November, 1900|......... 21 May, 1900 
Electric High furnace... 22,01 pare january, L902 RF cyt oa ee 6 July, 1901 
Process for manufacture 

Ol VAN OVS erro ke Nn ors 29 22 ila anuarys O02: ary eeu ances 6 July, 1901 
Process of fusion and re- 

finery electric). 30. 35.4 30,934 ol December. 1902 pra 2 July, 1902 
Furnaces’ with multiple 

chambers! (earths): <-/atiecece <useaete 19 February, 1904. 2330 

Italy. 
Furnace with two elec- 

PROCS RE els Mele Aiaigie's 54,312 |22 January, 1900... 

Furnace with two hearths oy, 631-19 Noveniber,. 1900) eas. 21 May, 1900 
Electric High furnace.... 62) 220 ee a lanuary sy L902 ep ins seta * 6 July, 1901 
Process for manufacture 

GipANOUS staal tte oy ein OZ,50 fe la fanny) LOOD ao Nine sista, 6 July, 1901 
Process of fusion and re- 

finery (electric)........ 66,163... (80 °December,| 1902). 3. ..)..).- 2 July, 1902 
Triple alloy of iron, silicon 

and manganese and pro- 

cess of its manufacture 

in electric furnace...... 70,808. | 129 January, 1904. .)..23.. 22... 8 August, 1903 


Furnaces with multiple 
chambers (hearths).... 


20 February, 1904 . 
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Austria. 
Registered Subject 
to Agreements of 
Industrial Con- 
DESIGNATION OF No. OF DATE OF Registra- vention. 
PATENT. PATENT. REGISTRATION. tion No. Tae 
DATE ON WHICH 
PATENT COMES 
IN FORCE. 
Furnace with two elec- 
trodes.cu5 pom eee 3,175 |15 December, 1899 
Furnace with two hearths 7,338  |20 November, 1900 
Electric High furnace.... Li, 903 .(izZau@ctober,. L901, 
Process for manufacture 
Of alloy $user tao 12,084 |23 October, 1901.. 
Process of fusion and re- 
finery (electeic) 2097.6 5s) Berge cael 2 August, 1902... 
Furnaces with multiple 
chambers: (hearths)... )/s..0ut ee ee 18 February, 1904. 
Sweden. 
Furnace with two hearths 12,935 |26 November, 1900 Les 2 May, 1900 
Plectric High furnace, se fee ees 4 January, 1902.... 12 6 July, 1901 
Process of fusion and re- 
HiNery NeleCtric). for Fe Eileen ol au ete 31 December, 1902; 2306 | 2 July, 1902 
Furnaces with multiple 
ehambers (hearths): uii|) 08.2 ee = 26 February, 1904. 321 
Hungary. 
Furnace with two hearths 21,540 |27 November, 1900)......... 21 May, 1900 
Furnaces with multiple 
chambers (hearths) fGen sci. ee 23 February, 1904 . 2308 
Chili. 
Furnace with two. hearths |...........- 20 March, 1901.. . 
Electric ‘high furnace: ep tata nee ae ae 25 Septeraber, 1903 


Belgian Congo. 


Electric high furnace..... | 90 {18 January, 1902 . Jun eenne 6 July, 1901 
Brazil. 
Electric high furnace..... 3,706 |31 October, 1902.. 


Process of fusion and re- 
finery (electric) 


3,705 31 October, 1902.. 
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Switzerland. 
Registered Subject 
to Agreements of 
Industrial Con- 
DESIGNATION OF No. OF DATE OF Registra- vention. 
PATENT. PATENT. REGISTRATION. tion No. 
DATE ON WHICH 
PATENT COMES 
IN FORCE. 
Furnace with two hearths 22,858 |19 November, 1900)......... 21 May, 1900 
Electric high furnace.... ZO 2Gilt ee) AMUALY LOU Meat t ers) <3 6 July, 1901 
Process of fusion and re- 
IC EY fn ets on cad 3 ey 27,842); 129 December h907Ie se)... ... 2 aly 
Furnaces with multiple 
ehambers: (hearths). oy | 4.0. acceee 15 February, 1904.| 34469 
New Zealand. 
Furnace with two elec- 
CFOUCSia ee os aes 13,300) Ue January, L90 le. 
Furnace with two hearths 13,336°))/21 May, F900. 50... 
Electric high furnace.... 1429910) Aprils 1902.7)... 
Russia. 
Furnace with two hearths Bor 23 November, L900 33555 3.. 21 May, 1900 
Process of fusion and re- 
MNCTY VElECELIC) er ck Nach Pag oye een « 1-14 August, 1902..) 18,120 
Furnaces with multiple 
SaamDersm Neate) a. F) | vee. sain e's 9-22 February, 1904 
Norway. 
Furnace with two hearths 10,468 '26 November, 1900)......... 21 May, 1900 
Electric high furnace.... AL 9484 January, 1902401..." .|6 July, 1901 
Process of fusion and re- 
EINE CCLCCLIIG) 6 ig os Sk] is Gra ates es 2 January, 1903...| 15,906 |2 July, 1902 
Furnaces with multiple 
ehambers (hearths) <). 5. |.)....% de twee 20 February, 1904.| 17,379 


PLATE X. 


General View of Keller Furnace. 


PLATE XI. 
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The Keller Electric High Furnace with a 


plurality of Hearths 
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Fig. 11 


Fig. 12 
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Latest form of the Keller Electric High Furnace 
with a plurality ot Hearths 
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Fig.13 
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Fig. 14 


Stand for the manipultition 
of the Electrodes 


Installation of the Keller Electric High Furnace 
with a plurality of Hearths 


Stop of the Transporter 


Hopper 


Charging Colwmn 


Side for Tapping of Metal 


Side for Tapping of Slag 
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Preliminary Plan of the Installation of an Electric | 
Furnace with 4 Hearths according to Keller ¢ 
Producing 20 Tons of Pig Iron in 24 hours. 
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Preliminary Plan of the Installation of an Electric 
Furnace with 4 Hearths according to Keller 
Producing 20 Tons of Pig Iron in 24 hours, 


(Overhead Work) 
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Way out for the iron 
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Preliminary Project for the Installation of an Electro- 
Thermie Plant with a Capacity of 100 Tons of 


Pig Iron in 24 hours. 


Keller 


(Plan) 
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Way out for the slag 


Manufacture of electrodes 
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Preliminary Project for the Installation of an Electro- 
Thermic Plant with a Capacity of 100 Tons of 
Pig Iron in 24 hours. 
Keller 


(Section) 


Platform for the distribution 


of raw material... 


Fig.18 
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OME RVPROCESSE >: 


The Harmet Process. 


It was found that Mr. Harmet, who has published two valuable 
papers on the electro-metallurgy of iron, which are reprinted in the appen- 
dix, and who has obtained patents for an electric process of smelting iron 
ore and the making of steel, has as yet no plant in operation by which his 
process might be tested, but he hopes that his plant will be installed and 
ready for operation in the near future. 


Figs. 19 and 20 show the latest type of the Harmet furnace. 
List of Canadian patents applied for at the following dates :— 


1l.. 15 October, 1901. 
2. 29 November, 1901. 
3. 23 October, 1902. 
(No. 79,297—in 1903.) 
4. 5 April, 1902. 
5. 28 February, 1903. 


The Gustave Gin Process. 


Mr. Gin has patented an electric process for the making of steel from 
pig and hematite. He informed me, by letter of March the 5th, that his 
experimental furnaces had been dismounted, and therefore no experl- 
mental demonstration could be given of his process, but that his process 
would be exploited by the Deutsche Elektrische Stahlwerke, a company 
which has just been established at Plattenburg (Westphalia) by Wilhelm 
Bruninghaus, the electrical firm Lahmeyer of Frankfurt, and by the 
company of Siemens and Halske. A complete description of the process 
by the author, Gustave Gin, is given in the appendix. 


The following important lecture relating to the subject of electro- 
metallurgy is also reprinted in the appendix: On the treatment of Copper 
Ores in the Keller electric furnace, by M. Ch. Vattier. 


cortical section 


THE LATEST TYPE OF THE HARMET FURNACE 


Fig. 19 


= 
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GENERAL CONCLUSIONS. 


The following are the conclusions arrived at by Mr. Harbord as a re- 
sult of his investigation into the metallurgy of the electric production of 
steel, and the electric reduction of iron ore. 


1. Steel equal in all respects to the best Sheffield crucible steel can be 
produced, either by the Kjellin, Héroult or Keller processes, at 
a cost considerably less than the cost of producing a high class 
crucible steel. 


2. At present, structural steel to compete with Siemens or Bessemer 
steel cannot be economically produced in the electric furnaces, 
and such furnaces can be used commercially for the production of 
only very high class steel for special purposes. 


3. Speaking generally, the reactions in the electric smelting furnaces as 
regards the reduction and combination of iron with silicon, sul- 
phur, phosphorus and manganese, are similar to those taking place 
in the blast furnace. By altering the burden and regulating the 
temperature, by varying the electric current, any grade of iron, 
grey or white, can be obtained, and the change from one grade to 
another is effected more rapidly than in the blast furnace. 


4. Grey pig iron, suitable in all respects for Acid Steel manufacture, 
either by Bessemer or Siemens processes, can be produced in the 
electric furnace. 


5. Grey pig iron, suitable for foundry purposes, can be readily produced. 


6. Pig iron, low in silicon and sulphur, suitable either for the Basic Bes- 
semer, or the Basic Siemens process, can be produced, provided 
that the ore mixture contains oxide of manganese, and that a basic 
slag is maintained by suitable additions of lime. 


7. It has not been experimentally demonstrated, but from general con- 
siderations there is every reason to believe, that pig iron, low in 
silicon and sulphur, can be produced, even in the absence of man- 
ganese oxide in the iron mixture, provided a fluid and basic slag 
be maintained. 


8. Pig iron can be produced on a commercial scale at a price to compete 
with the blast furnace only when electric energy is very cheap 
and fuel very dear. On the basis taken in this report, with elec- 


32 


tric energy at $10 per E.H.P. year, and coke at $7 per ton, the 
cost of production is approximately the same as the cost of pro- 
ducing pig iron in a modern blast furnace. 


9. Under ordinary conditions, where blast furnaces are an established 
industry, electric smelting cannot compete; but in special cases, 
where ample water power is available, and blast furnace coke is 
not readily obtainable, electric smelting may ‘be commercially 
successful. | | 


It is impossible to define the exact conditions under which electric 
smelting can be successfully carried on. Each case must be considered 
independently, after a most careful investigation into local conditions, 
and it is only when these are fully known that a definite opinion as to the 
commercial possibilities of any project can be given.” 


Nothing requires to be added to Mr. Harbord’s conclusions regard- 
ing the electric production of steel; in reference to the production of pig, 
however, it must be pointed out that the results obtained at Livet were 
results of experuments in furnaces not specially designed for the pro- 
duction of pig from iron ore. With the improved furnace, of which 
drawings have been given in figs. 11, 12, 18 and 14, permitting, on ac- 
count of the higher column of charge, a more effective use of the heat of 
the resulting gases, and of the reducing power of the CO evolved, a much 
better figure than the one obtained would result. 


The modern blast furnace, and the different methods for the making 
of steel as at present employed, are the result of a hundred years of ex- 
perience, and have reached their present perfection through many modifi- 
cations, which, in many instances, were accepted and introduced into 
practice only after much hesitation and opposition. The process of the 
electric reduction of iron ore must yet be regarded as in the experimen- 
tal stage; in fact, no plant exists at the present time where iron ore is 
commercially reduced to pig by the electric process. The more re- 
markable, therefore, it appears, and the more gratifying it is regarding 
the future of electric smelting, that experiments made offhand, so to say, 
in furnaces not at all designed to be used for the production of pig should 
give a figure of cost which would enable the experimental plant employed 
to compete with a blast furnace in regions where electric energy can be 
had for $10 per E.H.P. year, and where coke is quoted at $7 per ton. 


I am credibly informed that the water power at Chats Falls can be 
developed at a cost to produce an H.H.P. year at the rate of $4.50. There 
are probably many water powers favorably situated as regards good bodies 
of ore in the Provinces of Ontario and Quebee which can be developed 
as cheaply. When such power is owned by the company intending to 
use it for electric smelting, and peat coke or briquetted charcoal, made 


39 


from mill refuse*, which would probably not cost more than $4 per ton, 
is employed for reduction, the cost of two of the heaviest items entering 


into the cost of producing pig by the electric process is reduced to one- 
half. 


When it is considered that the electric process is applicable also to 
the smelting of ores, such as copper, &c., and that the furnaces are of 
simple construction, the temperature available 1,000° C. above that of 
the blast furnace, and the regulation of the heat supply under perfect 
control, it is reasonable to expect that the near future will witness great 
strides in the application of electric energy to the extraction of metal from 
its ores, and that familiarity with handling large currents and experience 
gained in electric smelting will result in solving the difficulties encoun- 
tered in the smelting of ores, which up to the present time have proven 
refractory to all economical processes known. 


*In the Ljungberg continuous kiln refuse wood is burnt into charcoal at 33 per cent. 
less cost than in heaps and with 22 per cent. higher yield. 
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PeeecTRICIAN S (REPORT -ON |THE ELECYTRIC€ 
SMELTING OF IRON AND STEEL 
IN EUROPE. 


Kugene Haanel, Esq., Ph. D., 
Superintendent of Mines, 
Ottawa. 
Sir,— 
. 

I beg to submit herewith my report of the electrical measure- 
ments and investigations made in connection with the examination by the 
Commission of the different electro-thermic processes for the smelting of 
iron ores and the making of steel now in operation in Europe. 


The results are given in metric units throughout, and are summar- 
ized at the end of the report in tabular form. A summary is given also 
in English units for the convenience of those not wishing to employ the 
metric system. 


The horse-power year is, in all cases, taken as 365 days of 24 hours 

J ) ) vu > 
and where the power is employed a smaller number of days, the cost must 
be corrected accordingly. 


The costs are based on a rate of. $10 per electric horse-power year, 
but the costs at any other rate can be obtained from those given by direct 
proportion. 


THE PRODUCTION OF PIG IRON. 


The results obtained on the production of pig iron are first given, in 
the order in which the plants were investigated. 


THE HEROULT PROCESS, LA PRAZ, FRANCE. 


The first plant investigated where pig iron was manufactured was 
that of Mr. Héroult, at La Praz, France. | 


The furnace was operated for the Commission on the 7th and 8th of 


March. 


In this furnace, see page 7 for description, the electrode is con- 


nected to one side and the earbon bottom to the other side of the electric 
circuit. The electrical connections are shown in Fig. 21. 
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The current passes through the suspended electrode and the carbon 
bottom through the charge, and its energy is absorbed by the resistance 
of the charge, which is thereby heated to the temperature required for 
reduction. The operation of the furnace is continuous, and need be shut 
down only for repairs or outside causes. 


The furnace is operated with alternating current, which is generat- 
ed directly on the alternator at the voltage required. The alternator is 
direct connected to a horizontal shaft water wheel, operated at full gate 
opening, and will, therefore, carry approximately a constant load. It is 
of the revolving field type, having 16 poles, and operating at 600 revolu- 
tlons per minute, giving a periodicity of 80 cycles per second. 


Regulation is effected by adjusting the electrode vertically by hand 
to maintain the voltage constant, and under the above conditions this will 
give constant current. No violent fluctuations were observed, and satis- 
factory regulation was readily obtained. 


Arrangements were made with ‘ La Compagnie pour la Fabrication 
des Compteurs”’ of Paris to supply a suitable recording wattmeter to 
measure the input of electric energy, but it arrived at La Praz too late 
to be used, and the only readings that could be obtained were those of the 
voltmeter and ammeter in circuit there, on which the following readings 
were taken :— 


TIME. VOLTS. AMPERES, 
March 7th, ’04. Hartmaon & Braun | Hartmann & Braun Kilo-volt amperes 
instrument and shunt. calculated. 
P.M: No. 116,326. No. 50,486. 
2.10 47 4,800 230 
2.40 45 5,500 247 
3.10 48 5,000 240 
3.30 45 | 5,500 247 
4.00 45 5,500 247 
4.30 47 5,300 249 
5.00 45 5,300 238 
5.30 45 5,000 247 
6.00 48 5,100 245 
Lensthyv ot uni oute 2.) 37 cae nome ie oct easine |e eee eae 18 
Meany Volts a. faucets: ait tei te tee Se ae 46 
iM Gan san Peres, Magu rset 52/0. fates ie hee ne Nec 5280 
Mean: kilo-volt-amperes !). <i see ge ene cca eee te cee 243 
Dotal ‘kilo-volt-ampere hours, 27. eres ateeees oe 4370 


No determination of the power factor could be obtained, but a value 
of 0.75 would appear to be reasonable, and is assumed for purpose of cal- 
culation. This gives the following results :— 


Wy bepey Callan ARMS LAO ain eu? ca ra RR En CAE SCTE PGL RY) 8 182 
SEGUE) ASME An LES ee ny Rede AL NARA RSME. | Ae 3280 
NEeatonnONse DOWeCNM er Sh cp! uc stile ld winner J) mae 248 
MOC TE GMOVSe: OmremM NOUNS! Suti ai istsl Mee are se cues she. ove Meals 4460 
MPO GOMNOLSG- DONE Uae eM ri Re nee eee eye i eee Ono 
Output of pre weni(trom Mr, Harbord)pkes. 05 6) sone: 969 
Loree power veatenpersonvOTe pie smo) hae.) ae 0.525 
Cost of electric energy per ton of pig, at $10 per horse- 
ONGC CRIS sy Et ol NEUE nie Pace mre eA $5.25 


tHe REE PE RY EROCESS ) LIVE, FRANCE: 


The second plant investigated in which pig iron was manufactured 
was that of Keller, Leleux & Company, at Livet, France. 

Furnaces Nos. 11 and 12 were operated for the Commission on 
the 19th, 20th and 21st, and Nos. 1 and 2 on the 28rd, 24th and 25th of 
March. 


First Run, Furnaces Nos. 11 and 12. 


The description of this furnace is given on page 15, and a diagram 
of the electrical connections in Fig. 22. 


The electric current passes through the charge between the suspend- 
ed electrode and the carbon bottom. The energy of the current is ab- 
sorbed by the resistance of the charge, which is thereby heated to the 
temperature required for reduction. The use of the resistance of the 
charge as a means of heating it makes it possible to control the tempera- 
ture of the reduction within narrow limits by controlling the current, 
and thus work at the point which experience shows to be most favorable 
for obtaining the most economical results. 


The external copper connection is provided to maintain the circuit 
when the molten iron is drawn off or the interior circuit interrupted, thus 
making the flow of the current independent of the casting operations. 
The operation of the furnace is, therefore, continuous and is not inter- 
rupted in any way by charging or casting, one it may be operated for an 
indefinite period without shutting down, giving very favorable conditions 
of load for the electric and hydraulic erie 

The furnaces are operated with alternating current generated direct- 
ly on the alternator at the voltage required. The alternator is a revolv- 
ing field machine, has 16 poles, and rotates at approximately 380 revolu- 
tions per minute, giving a periodicity of 50 cycles per second, and is direct 
connected to a horizontal shaft water wheel controlled by a governor. 

The regulation of the electric input is effected chiefly by the vertical 
adjustment of the electrodes by hand, but this is supplemented when re- 
quired by adjusting the alternator field and the water wheel governor. 
The load is entirely free from violent fluctuations and hand regulation 
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requires a very small amount of attention, so that one man could readily 
regulate four or five furnaces. If desired, however, little difficulty 
should be experienced in designing an automatic regulator that would 
fulfil all requirements, and dispense with the services of this man. 


The electric energy was measured by a Thomson recording watt-_ 
meter, obtained from “ La Compagnie pour la Fabrication des Comp- 
teurs”’ of Paris, and after the run was completed it was calibrated by 
them under the same conditions as to volts, amperes, cycles and tempera- 
ture as it had been subject to during the run in which it was used. The 
constant* 4390 was obtained and certified to as correct under these con- 
ditions. | 


The volts and amperes were read on the regular switchboard instru- 
ments, but as no calibrations for them could be obtained, their accuracy 
is not to be relied upon. The voltmeter was connected across the ter- 
minals of the alternator and includes the drop on the line. This drop 
in potential between the terminals of the alternator and the furnace was 
measured with 11,000 amperes on the circuit and found to be 5.5 volts. 


The power factor was determined March 24th by Professor Bar- 
billion, of “ L’Institut Electro-technique ” of Grenoble University, by 
means of the oscillograph. The certificate of this determination will be 
found on page 19. The readings of volts and amperes were taken on the 
switchboard instruments used during the run. The following are the *e- 
sults obtained :— . 


MEAN VOLTS. | MEAN AMPERES. | POWER FACTOR. | MEAN WatTTs. | DETERMINATION. 
Hartmann & Hartmann & Volts x amps. hrs 
Braun, Braun, 
No. 102,801. | No. 103,135. cos. ¢ ed No. 
70.3 | 9890 | 0.743 516,583 I 
70.1 9900 0.731 | 507,306 II 
70.2 9895 | O2B7 hn 511,945 Mean. 


*This constant is the number by which the dial reading of the wattmeter must be 
multiplied to give the electric energy in watt hours. To obtain the result in kilowatt hours 
this constant must be divided by 1,000 and becomes 4.390. 


TIME. 


Mar. 19th, 1904. 
P.M. 


12.00 
20th, A.M. 
12.30 
1.00 
1.30 
2.00 
2.30 
3.00 
3.30 
4.00 
4.30 
5.00 
5.30 
6.00 
6.30 


Readings taken on Furnaces Nos. 11 and 12. 


WATTMETER. 


Thomson. 


97595 
97558 
97490 
97429 
97347 
97280 
97210 
97144 
97078 
97005 
97944 

7865 
96806 


96744 
96677 
96601 
96535 


96462 
96376 
96306 
96251 
96176 
96110 
96046 
95976 
95909 
95838 
95767 
95708 
95639 
95562 
95498 
95420 
95352 
95282 
95208 
95147 
95072 
95002 
94925 
94858 


94780 
94710 
94644 
94576 
94511 
94443 
94379 
94293 
94233 
94168 . 
94108 
94030 
93961 


93899 
93818 
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VOLTS. 


Hartmann & 
Braun. 


No. 102,801 
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AMPERES. 
Hartmann & 
Braun. 


No. 103,135. 


11800 
11700 
11700 
11750 
12000 
12000 
12100 
12000 
12000 
12000 
12000 
12100 
11900 
11100 
11300 
10800 


11100 
11100 
11200 
10800 
11160 
10900 
10750 
10700 
10800 
10700 
10600 
10600 
10600 
10700 
11000 
10800 
10800 
10600 
10600 
10800 
10600 
10900 
10800 
10900 


11100 
11050 
10750 
10700 
10750 
10600 
10900 
10750 
10600 
10800 
11000 
10800 
10800 
11200 
11200 


SPEED OF 
ALTERNATOR, 


Revolutions per 
minute. 


370 


380 


380 
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Readings taken on Furnaces No. 11 and No. 12—Continued. 


TIME. 


Mar. 20th, 1904. 


P.M. 
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WATTMETER. 


Thomson. 


K=4.390 


93737 
93672 
93612 
93539 
93484 
93406 
93329 
93258 
93198 


93124 
93052 
92992 
92922 
92853 
92783 
92721 
92656 
92588 
92517 
92439 
92366 
92297 
92226 
92150 
92072 
91994 
91943 
91868 
91806 
91742 
91674 
91618 
91535 


91461 
91398 
91300 
91234 
91155 
91087 
91017 
90943 
90873 
90800 
90718 
90652 
90576 
90519 
90438 
90360 
90284 
90229 


89908 


VOLTS. 


Hartmann & 
Braun. 


No. 102,801 


65. 
65. 
65. 
63. 
65. 
64, 
64. 
64. 
65. 


65. 
65. 
65. 
64. 


66. 


SPEED OF 
ALTERNATOR. 


AMPERES. 


Hartmann & 
Braun. 


No. 103,135 


Revolutions per 
minute. 


11200 
11100 
11000 
11200 
11000 
11000 
11000 
11000 
11000 


11000 
11200 
11000 
11000 
11100 
11200 
11000 380 
11000 
11100 
11000 
11200 
11100 
11200 
11250 
11100 
11100 
11100 
10800 
11200 
11200 
10900 
11200 
11100 380 
11000 


10800 
10800 
10800 
10800 
11000 
10800 
10700 
10800 
10800 
10800 
10800 
10700 
10500 
10800 
10900 
10800 
10600 
10800 


10800 


eT SC OP ar UIVe OUT ce Malaise tery abe avr e oy tyrant oh ean aan s Do 
Results from Voltmeter and Ammeter Readings. 

Mean volts on alternator (not calibrated)............. 64.6 

HI LOU OL POLCHIMteOMalniemy ara yi? alee eialars ele. wlaile Reet 5.5 

iveany Volts, Ony Furnaces. of, aie id oe Ai ahaa gy eg neue 59). 

Wleane amperes (not calibrated yt. Cites iss. ete eal eee 11038 

Cute KELO- VOU AMUN ORCedr eer. ay tiie: ccc Serpe is so: 5 eee 652 


Results from Wattmeter Reading and Power Factor Determination. 


POCA iy men Oodle s Clee WA UE CLOR ..65 11. 75 cy siaiccn sss uleleens T7687 
Constant of wattmeter, for kilowatt hours............. 4.390 
TEGO U ARISE Owe tha WOULD iews tet Mi ech tes tines oer Ale lal art ada s 33700 
(WiedtamKMOWauiawers Smet uh remeron ahr erias malate ae 613 
Mean power factor from above determination.......... OS k 
ae VIMO KUO VON ML DET OSes sds cutie /icliated wa bebo cstemscasuber au Mle oc te 832 
Pre rnc lOClEIC MNOFSO-DOWEL mao ah a sheets niece rg istecsce ols 834 
Pe OreNOTSe- DOWEL, OMPS ric lceahe (Abra v alsa tea er epacel «fous 45800 
PiGra We MOUSE -PO Wel) KVCALG! eile Jal ahs why satel ole seals ee) aia lve SMA: 
Output of pig (obtained from Mr. Harbord) kgs........ 9868 
Horse-power years per ton of pig............. PUR A Ou58 
Cost of electric energy per ton of pig, at $10 per horse- 

DO MOT MV CATRNAT aed, tay Limite see? ES fe bile ails Wan tare $5.30 


It will be noted that the above results show a discrepancy of 277% in 
the kilo-volt-amperes, as obtained from the voltmeter and ammeter read- 
ings, and as obtained from the wattmeter readings and power factor de- 
termination. This discrepancy does not, however, render the correct- 
ness. of the wattmeter and power factor doubtful since the ammeter is en- 
tirely unreliable; one of the same construction and capacity used in the 
following run having been found on calibration to read 31% low. 


Previous to the above run the current had been taken off from the 
furnace for several hours to insert the recording wattmeter in the cir- 
cuit, and the molten iron in the crucible had become chilled and could 
not again be heated sufficiently to cast. It is not known to what extent 
this chilling affected the operation, but the working of the furnace be- 
came unsatisfactory to Mr. Keller, who decided to shut it down, and later 
continued the experiments on Furnaces Nos. 1 and 2. 


Second Run, Furnaces Nos. 1 and. 2. 


The alternator in this case was operated at about 280 revolutions per 
minute, giving a periodicity of 37 cycles per second, but the speed varied 
considerably in different parts of the run. 


Electrical readings were taken on the switchboard voltmeter and 
ammeter, which were afterwards calibrated, and the power factor at the 
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electrodes was determined by means of the oscillograph. These calibra- 
tions and the determination of the power factor were made by Professor 
Barbillion, of “ L’Institut Electro-technique ” of Grenoble University, 
on the 27th and 28th of March. The certificate will be found on page 19. 
The recording wattmeter could not be inserted in this circuit, and, there- 
fore, the watts could not be read directly. | 


The voltmeter was connected directly across the electrodes, elimin- 
ating the drop in the line. It was taken from the board and calibrated 
in Grenoble. Instead of calibrating it in the condition that it had been 
used, the needle was, by mistake, first set back to zero and to compensate 
for this one volt is subtracted from.the reading of the instrument in the 
following table, which was as near as could be judged the amount the 
needle was changed. ‘This does not, of course, make the calibration strict- 
ly correct, but more nearly so than by using the readings as taken, and 
the possible error is certainly within 2%. ° 


Xeadings on 
| Hartmann & Braun, Correct Volts. 


No. 130,285. 


47 46.15 
49 48.16 
51 50.10 
a3) 52.28 
ay) 54.21 
57 56.15 
a9 58 .07 
61 60.14 


Curve, Fig. 238, is constructed from these readings. 


The ammeter was calibrated in position on the switchboard with a 
standard shunt and ammeter inserted in the circuit. The following read- | 
ings were taken. Those indicated by a ° were taken by Professor Bar- 
billion, and those indicated by a + were added from our own observation. 


SO - 


Readings on Readings on Readings cn Readings on 
Hartmann & Braun | Standard Shunt and | Hartmann & Braun | Standard Shunt and 
No. 103137. Ammeter. Noo LO31e7s Ammeter. 

+ 4075 5575 + 6188 8250 
+ 4350 5950 ° 6184 8260" 

+ 4500 6100 ° 6246 8293 
ee Sy) 6185 Na 9 es 8400 
+ 4800 6400 ae are 10125 

+ 5000 6700 


Curve, Fig. 24, is constructed from these readings. 
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Five determinations of the power factor were made. 
three are here given, and their mean used in the calculations. 
two, having been made under conditions of load varying quite widely 
from those of the run, are not used. 
were read on the switchboard voltmeter, which was connected across the 
terminals of the alternator, and is not the voltmeter used in the run. The 
amperes were read on both the switchboard ammeter and the standard 


ammeter. 


The first 
The other 


The volts in these determinations 


Following are the results obtained :— 


MEAN VOLTs. MEAN MEAN | PowWER. 
soot AMPERES. AMPERES, FACTOR 
Hartmann & = sok ise: a Mean Watts. | Determina- 
Braun. Hartmann & | Standard Am- tion. 
No. 130283. Braun. meter. No. 
No. 103137. cs) 
GP2o 6313 8400 0.616 349272 ] 
67.6 6246 8293 0.530 302121 2 
67.3 6184 82.60 0.545 302964 3 
Mean 
67.5 6248 | 8318 0.564 318119 Results. 


The above determinations were made with the alternator operating 
at 270 to 280 revolution per minute. 
The following readings were taken during the second run :— 


TIME. 


Mar. 23rd. 1904 


Pao. 


12.00 
12.30 
1.00 
1.30 
2.00 
2.30 
3.00 
3.30 
4.00 
4.30 
5.00 
5.30 
6.00 
6.30 
7.00 
7.30 
8.00 
8.30 
9.00 
9.30 
10.00 
10.30 
11.00 
11.30 
12.00 


VOLTS. 


AMPERES. 


Hartmann & 
Braun. 
No. 130285 


Correct Volts. 
See Curve 
Fig. 23. 
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Hartmann & Correct 
Braun. Amperes. 

Now 103137. See Curve 

Fig. 24. 

4900 6600 
5000 673 
5000 6730 
5100 6860 
4700 6350 
5100 6850 
4400 5980 
4000 5480 
4100 5600 
4500 6100 
4100 5600 
4300 5850 
4300 5850 
5000 6730 
5100 6860 
4500 6100 
4500 6100 
4400 5980 
4500 6100 
4500 6100 
4500 6100 
4600 | 6220 
5500 7350 
5600 7480 
6000 7980 


SPEED OF 
ALTER- 
NATOR. 


Rev. per 
minute. 


230 
310 


345 


43 


TIME. 


Mar. 24th, 1904 


9,30 
10.00 
10.30 
11.0%) 
11.30 
12.00 
Ea: 
12.30 
1.00 
1.30 
2.00 
2.30 
3.00 
3.30 
4.00 
4,30 
5.00 
5.30 
6.00 
6.30 
7.00 
7.30 
8.00 
8.30 
9.00 
9.30 
10.00 
10.30 
11.00 
11.30 
12.00 
25th, A.M. 
12.30 
1.00 
1.30 
2.00 
Dra) 
3.00 
3.30 


VOLTS. 


AMPERES. 


Hartmann & 


Braun 


No. 130285 


Correct Volts. 


See Curve, 
Fig. 23. 
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Hartmann & 
Braun. 


No. 103137. 


5500 
6300 
5500 
5300 
5500 
5500 
5200 
5600 
5600 
5500 
5500 
5500 
5000 
5300 
5600 
5500 
5500 
5500 
5600 
5500 
5500 
5300 
5500 
5600 


5200 
5500 
5200 
5200 
5000 
5300 
5400 
5500 
5600 
5500 
5600 
5800 
5400 
5300 
5500 
5400 
5600 
5600 
5500 
5600 
5800 
5400 
5800 
5500 


5600 
6000 
6000 
5900 
6000 
6100 
6000 


Correct 
Amperes. 
See Curve, 
Fig. 24, 


7350 
8360 
7350 
7110 
7350 
7350 
6980 
7480 
7480 
7350 
7359 
7350 
6730 
7110 
7480 
7350 
7350 
7350 
7480 
7350 
7359 
7110 
7350 
7480 


6980 
7350 
6980 
6980 
6730 
Flo 
7230 
7350 
7480 
7350 
7480 
7730 
1200 
7110 
7350 
723!) 
7480 
7480 
7350 
7480 
7730 
7230 
7730 
7350 


7480 
7980 
7980 
7850 
7980 
8110 
7980 


SPEED OF 
ALTER- 
NATOR. 


Rev. per 
minute. 


250 


250) 


270 


280 


eS Fe 


® 
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TIME. VOLTS. AMPERES. SPEED OF 
a ALTER- 
Mar. 25th, 1904 is NATOR. 
Hartmann & | Correct Volts. | Hartmann & Correct ae at 
A.M. Braun. Braun. Amperes. Kev. per 
No. 130285. See Curve No. 1038137. See Curve minute. 
| Fig. 23. Fig. 24. 
4,00 ay) 54.1 6200 8240 . 
4.30) 56 oo. 1 5900 785VU 
5.00 58 57.1 5800 7730 
5.30 | 56 55.1 6U00 7980 
6.00 55 54.1 6000 7980V 
6.30 58 57.1 5900 7850 
7.09 BD er east 6300 8360 
7.30 55 54.1 6400 8490 
8.00 535) 54. 1 6200 8241) 
8.30) 54.5 53.6 6300 8360 
9.10 54 53.1 6200 8240 
9.35) 57 56.1 5800 773") 
10.40 54.0 53.6 6000 7980 
10.30 54. 53.1 5900 7850 280 
11.00 By 56.1 580.) 7480 
11.30 ay) DA. 1 ' 5800 7730 
12.00 54 53.1 5900 7850 
Brenan Gin Rupa nO Bye Wan NES esse vee i cs Ua Ue Nae te A8 
ea IN Oliys TOmN TTT a COM alah rales, ssh ak cagmaity ae ate felis ie bd 3 
Ave edna cain Teeny dy tok), Wap bP SA cr UD erie eer. OM OR YS! ERE at avy T7247 
Ive aareetlO-WOl Ain DEKeS Ih cs utia ak) ay ale ccs) aly bbe! «his 4 sista dell 401 
TOGA osyiOlt aMipe re Moums sili ih vertaesh We tenia 19240 
Ie Uno Or ara CuO tous wintictn omy else's. 6 nrelnuaena’snicc & ahier ios 0.564 
Mean kilowatts ...-. SEM eu ae eens: |: hekvvaenteday « aaau tie: 226 
Cea add ah Pes SN aL AOT Va ne Wh ralae UN Ar AS aE Pe incd mR eS 10840 
Gaius VOUSe e OMmOG emi myn tis tts amianttsol ae, sabre Oh se ea 308 
Total horse-power hours ..:......; “SN eis Shs sess ae 14750 
Moray Orse MeN or nVea bet. WAM ONeIe A) tales a obeiehe ty mcaye seh: 1.69 
Ourput.or piowren (trom Mir TMarhord) kos. inaneke en es 6692 
Worse-wower, VOATS PereGOU OL DIS wag. sis ie 0's the Bekele G2 0.25 
Cost of electric energy per ton of pig, at $10 per horse- 
AORN OAT pce ear a ee oo: 3) 9s, ohio GEM ©, 0) olotts ie WC yee irae $2.50 


It will be observed that the consumption of electric energy per ton 
of output is less than one-half as great in the case of Furnaces Nos. 1 and 
2 as in Furnaces Nos. 11 and 12. This great variation is not to be as- 
cribed to any material difference in design or construction, but rather to 
the conditions of operation. . 


The power factor for Furnaces Nos. 11 and 12 is fairly low, and 
for Nos. 1 and 2 extremely low. This is doubtless due mainly to the 
iron casing which forms 4 magnetic circuit around each shaft of the fur- 
nace and is highly magnetized by the large current giving to the circuit 
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a very high reactance. In case of the erection of a new plant, this iron 
casing would be omitted between the two shafts, or entirely. Hither 
change should result in a very great improvement of the power factor, 
and a corresponding diminution of the kilo-volt-ampere input required, 
and give very much better conditions of operation for the alternator. <A 
further improvement of the power factor would be effected by using cur- 
rent at 25 cycles. There seems to be no inherent reason why a reason- 
ably high power factor cannot be obtained by careful attention to all of 
the details of design affecting the electric circuit. 


The principal electrical difficulties are in connection with the very 
large currents required at low voltage, and for furnaces of larger output 
the current will increase in almost direct proportion to the power requir- 
ed, the voltage increasing very little, if any. Mr. Keller has estimated 
that a furnace having a capacity of 20 tons per day of 24 hours would re- 
quire 28,000 amperes and 70 volts. It would be extremely important, 
therefore, to have the lines carrying this current as short as possible to 
avoid excessive line loss and excessive cost of conductor. Likewise, the 
design of the electric machinery to furnish such large currents presents 
especial difficulties, and its construction is expensive, whether the current 
is generated directly at the voltage required or reduced by step-down 
transformers from a convenient generator voltage. In the former case 
the generating station should be located immediately alongside of the fur- 
naces; in the latter, they may be separated as convenient, the current 
being transmitted to transformers located directly at the furnaces, and 
stepped down to the voltage required. 


In the new design for furnaces of larger capacity (see page 21) the 
arrangement with four shafts will facilitate the use of quarter-phase eur- 
rent, which, in case transformers are used, could be generated and trans- 
mitted three-phase, if found desirable. The construction can also be 
modified for the use of three-phase current directly on the furnace, if 
required. 


THE MANU PACTURE (ORI Sih riba: 


Four plants were investigated in which steel was manufactured. The 
electrical data obtained on the production of steel in these plants will be 
given in the order in which they were visited. 


THE KI ECUCING PROCESS) GYSINGE VSWEDEN: 
The first plant was that at Gysinge, visited February 7th to 10th. 


This process is based on the principle of induction of the ordinary 
transformer. Surrounding a leg of the magnetic circuit of a transformer 
is placed the furnace, made of suitable refractory material, in the form 
of a circular trough, in which the metal to be melted is placed, and be- 
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comes the secondary conductor forming one short circuited turn, and is 
heated by the I* R loss of the current induced in it. 


The transformer core is of laminated iron, firmly clamped with side 
plates and bolts. The winding is placed on one leg only, the primary 
being next to the core, and the secondary outside. The primary is wound 
for 3,000 volts, and is insulated largely with mica. It is provided with 
ventilating spaces inside and outside, and a water jacket protects it from 
the direct radiation of the furnace. The arrangement of the parts 18 
shown in drawing, Figs. 1 and 2. 


A portion of the molten steel is allowed to remain in the furnace 
after tapping, for the purpose of maintaining the secondary circuit, and 
to this the materials of the next charge are added as rapidly as they will 
liquify, until the whole charge has been added, thus making the operation 
continuous. ‘This avoids the difficulty, after the furnace has been start- 
ed and heated up, of establishing the cireuit through the solid pig iron 
and scrap. 


The electric current for operating the furnace is obtained from a 
single-phase revolving field alternator, which is rated at 3,000 volts and 
90 amperes, and which has 24 poles, and operates at a nominal speed of 
75 revolutions per minute, giving a periodicity of 15 cycles per second. 
It is arranged with a vertical shaft, and is direct connected to a water 
wheel. 


The following electrical instruments were used during the first two 
runs made :— 


The voltage was measured with a Weston portable alternating cur- 
rent voltmeter, having a scale reading up to 150, and connected in series 
with multiplying resistance, giving a ratio of 25 : 1. 

The current was read on two Hartmann & braun ammeters, connect- 
ed in parallel, and having scales reading 50 and 60 amperes respectively. 
These ammeters were calibrated by comparison with a Siemens & Halske 
standard ammeter, and the readings corrected accordingly. The cali- 
bration curves are given in Figs. 25 and 26. | 


The power was measured by means of a Weston portable indicating 
wattmeter, having a scale reading up to 150. The current coil used was 
arranged for 120 amperes, and multiplying resistances were connected in 
series with the voltage coil to make it suitable for 3,000 volts. This 
gives a ratio of 2.4 : 1 to obtain the results in kilowatts. 

For the third run recorded, the regular switchboard instruments 
were used, and the readings corrected from calibrating readings taken 
with the two sets of meters connected in cireuit together, to.agree with 
those above described. 

These standard instruments were obtained from David Bergman, a 
consulting engineer of Stockholm, and are believed to be reliable. 
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Charge No. 546, February 8th. Readings were taken as follows :— 


VOLTS 
Time of Weston 

Reading. Instrument 

No. 4154 

hee one 

A.M. 
11.50 VIX5 
12.00 112.5 
| eae 

12.15 115.5 
12.30 117.0 
12.45 H320 
1.00 116.5 
123 108.0 
2.00 109.0 
2530 107.5 
3.00 105.0 
eee 103.0 
4.00 101.5 
4.31) 102.0 
5.00 102.5 
5.30 102.5 


AMPERES. AMPERES, KILo. WATTS. 
Hartmann & | Hartmann & Weston Revolutions 
Braun Inst. Braun Inst. Instrument. per 
Now 38021 No. 115346 No. 2598. Minute 
See Curve See Curve 

Fig. 25. Fig. 26 Ress 
Li.) 28.0 49.0 
21.0 34.0 59:5 63 
a ea 3D.0 63.0 70 
22.0 Si ) 64.5 
B52, 44.5 66.5 
25.0 44.5 66.0 | 69 
26.5 45,0 65.5 66 
2a 45.5 64.3 66 
25.5 45.0 64.0 66 
28.5 48.0 64.0 
29.0 49.0 62.5 
29.0 49.0 62.0 
28.7 49,3 62.0 67 
29.0 49.3 61.8 67 
29.5 50.0 61.5 


This run began at 11.50 and continued to 5.50. 


‘Corrected Readings and Results. 


Time of Kilo.-volt ; : Power | Cycles ver 
Reading Vone pactes. Amperes. Ce ehh eee Second. 
A.M. : 
11.50 2888 53.0 153.0 1 RRs) 0.769 
12.00 2812 64.5 181.4 142.7 0.787 12.6 
P.M. 
12.15 2888 67.0 193.4 151.0 0.782 14.0 
12.30 2925 69.3 202.8 154.7 0.763 
12.45 2825 81.5 230.0 159.5 0.694 
1.00 2912 81.5 237.0 158.3 0.669 13.8 
1.30 2700 83.5 225.0 157.0 0.698 13.2 
2.00 2725 84.0 228.6 154.2 0.675 13.2 
2.30 2688 82.5 221.5 153.5 0.693 13.2 
3.00 2625 90.0 236.0 153.5 0.652 
3.30 2575 91,5 236.0 150.0 0.636 
4.00 2538 91.5 232.0 148.6 0.641 
4.30 2550 epee 234.0 148.6 0.636 13.4 
5.00 2562 92.0 235.5 148.0 0.628 13.4 
5.30 2562 93.5 239.0 147.5 0.618 
Lengthon rim Gur... cee eel eng ten eee 6 
Mean’ kilo-volt amperes) =. 0,04) Pues Gwe ee eae 217.3 
Total ‘kilo-volt) ampere hourg) 254% 94 0) ne ee 1304 
Meam -kilowattaqe c,h 4 ah iis iba Gr pace ce 142.8 


© ‘9 ‘oe ee 0) o@ lee @, ele le! lope. 8 ‘e (eo 0: 6, eo ce 16s Gee Lelmem es 


Pie oMmnOEe DOWEL mi cents vib acces Men ierehs aM algal ae etl, NA, 
Hot ylesiOVse-MOAVe Ts OUtrl ry a7 ila ale as )of ce redeevewteta eyed ap (G34) 
MSO UAT OH OTSS Ako we WORE AT Ohne is ual ar dea a Ns a) aves ol Ft hay he ye 0.138 
Output of ingot (obtained from Mr. Harbord) kgs...... 1080 
Horse-power years pen COMM INGOb (ele eee iene 0.13 
Cost of electric energy per ton of ingot, at $10 per horse- 
POC Paryics Tae ere pee rea temic she ialiay lan $1.30 
‘cheaneanispower Lactonror thes runois. ) 47... 44... eps sige 0.672 
And for the 24 hours of full load current is............ 0.635 


Charge No. 547, February 8th. Readings were taken as follows: 


Time of 
Reading. 


at SUS | 


SS Sore SC COUCUS & 


WMT A A AH UM. 
oo SB co 


= 
— 


meb, 9th, A.M. 
12.3 


Volts. 


Weston 
Instrument. 


No. 4154. 


Re = WI5y Bl 


120.0 
112.0 
132.5 
110.5 
119.0 
117.0 
112.5 
118.0 
115.0 
Aes 
114.0 
ib tae) 
123.0 
LO 
108.0 
107-5 
110.0 


103.0 


| 
1 


Amperes., 


| Hartmann & | 


Braun Inst. 

Nowssa2h 

See Curve 
Fig. 25. 


18.0 
20.0 
19.5 
212 
21.0 
225 
23.0 
26.0 
TO, 
27.0 
26.5 
O85 
Zoe 
29.0 
29.0 
30.0 
29.5 


30.0 


Amperes. Kilo. Watts. 

—_— | Revolutions 
Hartmann & | Weston per 
Braun Inst. | Instrument. Minute 
No. 115346. No. 2598 of 
See Curve Alternator. 

Fig. 26. Ree Oates 
ep es) Dace 65 
31.0 57.0 
29.5 51.0 
33.0 62.1 68 
a, 61.3 
36.0 Gao 
38.0 64.3 67 
41.5 63.5 66 
44.5 65.0 
43.0 64.7 
44.5 64.0 
47.0 63.5 67 
47.5 62.5 
48.5 62.0 
48.5 65 
48.0 61.0 67 
48.5 61.0 67 
49.0 61.0 67 


This run began at 5.50 and continued until 12.30. 


Time of 


IDA DH HUM: 
Sod 
AAAS: 


oOfrwr 
on) ree) 


Corrected Readings and Results. 


Cycles per 
Second. 


ilo. Volt- ; Power 

Amperes. peered Kilo.-Watts. Rago 
53.0 159.0 128.3 0.805 
59.5 166.5 136.7 0.821 
57.0 188.6 122.3 0.650 
63.0 174.0 149.0 0.857 
63.0 187.4 147.0 0.785 
68.7 200.7 152.4 0.760 
(Aes. 201.0 154.3 0.769 


13.4 
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Time of Kilo -Volt- 
Reading. Volts. Amperes. Amperes. 
P.M. 
7.30 2950 78.8 232.0 
8.00 2875 83.5 240.0 
8.30 2812 81.5 229.0 
9.1.0 2850 83.0 236.5 
9.30 2875 88.5 254.5 
10.00 3075 89.0 273.5 
10.30 2925 91.0 266.0 
11.00 2700 91.0 245.5 
11.30 2688 9155 245.0 
12.00 2750 91.5 251.5 
12.30 2575 92.5 | 238.0 


‘Length of run, hours 


Mean kilo-volt-amperes 


Total kilo-volt-ampere hours 
Mean kilowatts 


Meant hors Os pO we lime ts accuse ak Caren ee rey ate tee 
Total horse-power hours 


Total horse-power years 
Output of ingot (obtained from Mr. Harbord) kgs... 


Horse-power years per ton of ingot 


O10 0. v0", 56. Ue) <0) Ne) ene fee 1s 0, (0) ie 46) 6: ©: he. 01116) 65) OL Fel (6 ies Wake 


O10. CL, 10 Oo Ve) -@ 6) 0) 6 '@ 16, \K@: YO: (04 1. 6 (6 0: 0) 'e le 18.0, "@ Le). eee, (a) 67d, Je 


eee @ © © © © © © © © © © © © © © © © © © © © © © © © 


Cost of electric energy per ton of ingot, at $10 per horse- 


power year 
The mean power factor for the run is 


And for three hours of full load current........... 


Pied 2 Power _ | Cycles per 
USED Factor. Second. 
152.4 0.658 13.2 
156.0 0.651 
155.3 0.678 
153.5 0.651 
152.3 0.600 13.4 
150.0 0.549 
148.7 0.559 
147.5 0.602 
146.3 0.598 13.4 
146.3 0.583 13.4 
146.3 0.615 13.4 
e 5 67, 
1 ERAN yc oE 232 
«kes Galhe pene Pe atc MRP CaU AL Mae Pest aa eaten 1546 
149 
994 
203 
1350 
Weal SEO GME Metrarereac Seat ane Ls Ane de arene 0.154 
2 Oe 
AES ee Cen CRE ng Sos Fg sh 0.16 
OTR RA HEE od wo ah 0.649 | 
“i HOUSE 


Charge No. 549, February 9th. Readings were taken as follows :— 


Time of 
Reading 


SSS ee 


Volts. 


Hartmann & 
Braun 
Instrument. 


No. ki4ti7. 


3000 
2910 
2980 
2950 
2970 
2920 


2910 
2880 
2880 
2870 
2880 
2880 
2870 
2880 


Amperes. 


Hartmann & 


Kilo.-Watts. 


Hartmann & 


Braun Braun 
Instrument. Instrument. 
No. 113409. No. 114866. 

40.0 12520 

Boo 124.0 

ST KO 1225 

45,0 140.0 

450 141.0 

51.0 142.0 

54.0 142.5 

Horo 142.0 

D720) 142.0 

58.0 140.0 

60..5 140.0 

65.0 138.0 

65.5 138.0 

66.5 138.0 


This run began at 9.20 and‘continued until 5.00. 


Revolutions 


Alternator. 


70 
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Corrected Readings and Results. 


Time of : Kilo.-Volt : Power | Cycl 
LS? d ES ta raat ha ycles per 
Reading. at EE perSS: Amperes. Pe alee. Factor. Second. 
A.M. | 
9.20 2940 hat 167.5 141.3 0.844 
10.15 2815 52.0 146.5 140.0 0.956 
10.30 2913 o4.0 157.2 151.0 a 2 
11.00 2870 64.0 | 183.6 160.3 0.874 
11.30 2900 64.0 185.5 161.5 023720 7 
iG ey 2830 Fk Revs | 202.0 162.8 O80 7 o 14 
12.30 2815 75.5 212.5 163.5 0.770 | 
1.00 2775 77.0 213.7 162.8 0.762 
1.30 2775 79.0 219.2 162.8 On 4S os 
2.00 2760 80.0 220 .7 160.3 OP 2 Sac 
2.30 2775 83.0 230.4 160.3 0.695 
4.15 2775 89.0 247 .0 157.7 0.638 
4.30 2760 89.5 247.0 157.7 0.638 
5.00 2775 91.0 252.5 1577 0.625 
Pe MOM OLe TIM ONT ee rau ram UN Cua Wi. bie Menai 7% 
NEST UN KilOomolM AT peTeSh Are Mk it ACh a cairn aa tany AL ZOO 
fora kilo-velisampere hours) oe oe eR Tiga 1600 
MEO Tapes honea rama per atc WU Mee olovann elit DN SO llc ha ahhh 
Ola KIDOWaALienOnt ary Hauke re. esis st mh. PGS ae ULE 1204 
ANSP Wats SEL SL 4 WEARS) tbc ge a al RD LARS OE 214 
OA MONS POMEL OUTS a. die hued, alga ays cieinace eng 1640 
ota IMioise- pommel eaten: ae mohenmeeins| alee a uk Laer b 0.187 
Cue OL AINoO i NOt OWtAINCdi yon ws. vcs bie a cice we Ra — 
die mean power factor tor the, TUN 16’... 5% wel egeas s 0.768 
And for the one hour of full load current is.......... 0.634 


It should be noted that only the first of the three runs recorded re- 
presents the standard commercial product of the furnace, the other two 
being more or less experimental, and, therefore, should not be included 


in obtaining cost of product. 


The electric input varies to some extent, being lower at the begin- 
ning of the run and increasing as the charge is added to the full load 
about the middle. The variation is not great, and the mean is generally 
not less than 90% of full load, but the cost of electric energy would be 
increased in that proportion, where the cost per horse-power year is based 
on the maximum demand. 

Mr. Kjellin caleulates that the efficiency of the furnace would be 
slightly improved by increasing the electric input to 200 kilowatts, the 
output being at least 50% greater, and the losses about the same. 


The principal disadvantage electrically in this system is the very low 
power factor obtained, resulting from two causes, namely, the very high 
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self-induction of the secondary due to its wide separation from the prim- 
ary by the furnace wall and ventilating space, and its low resistance. In 
the present case, with a periodicity of 18 to 14 cycles, the power factor 
is only slightly above 0.6 at full load and with increased capacity the ze- 
sistance will be reduced, while the inductance remains about constant, 
giving a still lower power factor, or requiring a lower frequency. 


Mr. Kjellin has calculated that for a furnace of 15 tons capacity per 
charge it would be necessary to reduce the periodicity to about 4 cycles 
per second to get a power factor of 0.6, or that for three such furnaces, 
surrounding the three legs of a three-phase transformer, and made com- 
mon in the center, with a joint capacity of 45 tons, the same frequency 
would be required. 


This extremely low periodicity, combined with a low power factor, 
will make the cost of generators much higher than for standard machines. 


The system has, on the other hand, two important advantages. 
First, that it takes current directly at a voltage suitable for generation 
and transmission over moderate distances, the 3,000 volts here used being 
capable of increase to 5,000 or 6,000 volts, where required, which should 
be ample for any case arising in this class of work; and, second, that no 
cables, connections, or electrodes, with their attendant cost, loss of power, 
and necessity of attention, are required in the secondary circuit, and for 
large furnaces, using currents from 10,000 to 30,000 amperes, this is an 
important item. 


THEM EROUL LT PROCESS 


Kortfors, Sweden. 


The plant in operation at Kortfors was visited by the Commission 
on February 10th and 11th. 


This furnace was used for the manufacture of high grade steel, 2n- 
tirely from old serap. 


The furnace is constructed with an outer casing of steel plate, lined 
with suitable refractory material. It is arranged with two carbon elec- 
trodes passing vertically through the roof and made adjustable. The 
section of the roof between the electrodes is made of bronze, in order that 
no magnetic circuit may surround them. 


The cold serap iron or steel is charged into the furnace, and the elec- 
trodes lowered sufficiently to establish electric circuit, the current pass- 
ing between them through the charge. In the early part of the heat, 
while the iron is still in the solid state, the electrodes are generally in 
contact with parts of it, and the energy is largely absorbed by the 
numerous high resistance contacts and smallearcs between the pieces in 
the passage of the current through the charge. During this stage the 
resistance of the hearth varies greatly with violent fluctuations of the cur- 
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rent, due to the continual change in contacts and disruption of circuits, 
as the pieces successively liquify and settle down under the influence of 
the heat generated. As the iron comes to the liquid state around the 
electrodes, a more stable condition is reached, and an are is established 
between each of them, and the molten iron and the two ares absorb the 
greater part of the energy. 


The alternating current for operation is supplied by a separate 
power company from their generating station located some distance away, 
and stepped down at the furnace to the voltage required. 

An automatic regulator controls separately the position of each elec- 
trode and is designed to maintain the voltage constant between it and the 
bath. This regulation is effected by means of a small motor placed at 
the back of the furnace, and geared to the mechanism supporting the 
electrode, so as to raise or lower it as required, depending on the direction 
of rotation. The operation of the motor is in turn controlled by an elec- 
trical mechanism actuated by variations of the voltage below or above 
predetermined limits. In the early part of the heat, when the current 
fluctuates violently, or when tilting the furnace to scrape off the slag, and 
the are is likely to be short-circuited, the regulating mechanism may be 
switched out of circuit and the motors controlled by hand to obtain quicker 
operation. 

The following readings of the electric input were taken on the regu- 
lar switchboard instruments. The amperes were read on two ammeters 
connected in parallel. 


Tome AMIEERES. Kilo-volt 
ME. A § F Ress 
Paar ai (Galbented,) ~ 
Meter No. 1 Meter No. 2 Total bok eala i op) 
A.M. | 
7H) 118 1800 2000 | 3800 448 
7.19 115 1700 | 1800 | 3500 | 402 
72053 | 120 1800 | 1900 | 3700 | 443 
Aaa 118 1800) | 1900 | 3700 | 436 
7.40 127 1750 | 1859) : 3600 457 
7.50 127 1700 1800 | 3500 444 
8.00 127 1850 | 1950 | 3840 . 482 
8.30 128 2051) | 2150 | 4200 537 
8.50 128 2050 2150 | 4200 537 
11.50 128 2000 2100 | 4100 525 
eae VO layed DOU stare ane te de sscvea/ eaateroley sons wt a anianetnitetie te 125 
COMIC TOGA DOU Lucescs< « cpsceiestcntemanin? ip 2 ela ec cinerg scl she 4000 
on nal -VOl iA Peres... .Jsfayscn ster dene «6 iacs wapier elena 500 


The operator at the generating station stated that the power supplied 
for the furnace was 450 kilowatts. 

During the period of observation, the current varied from about 
9,800 to 5,500 amperes, and sometimes from one of these extremes to the 
other in a few seconds. 
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Facilities were not available for making a full investigation of *his 
plant, and the above figures are only to be accepted as approximate, but 
they will give an idea of the electric input required by the furnace, and 
of the conditions of its operation. A more complete investigation was 
made of the similar furnace at La Praz, France, which follows. 


La Praz, France. 


The La Praz plant was investigated by the Commission March 5th 
and 6th. 


The furnace here is similar to the one at Kortfors, except that it is 
a little smaller and does not have all of the improvements embodied in 
the latter. The description of the Kortfors furnace, already given, will 
apply equally well to this one and will not be repeated. 


Alternating current is used and is generated directly on the alter- 
nator at 110 volts. The alternator has 16 poles, and operates at 250 re- 
volutions per minute, giving a periodicity of 83 cycles. It is a revolving 
field machine, with ae shaft, and is direct connected to its water 
wheel. 


The water wheel is operated with partial gate opening iat the begin- 
ning of the charge to limit the output of the alternator during the period 
when the current fluctuates violently, but when conditions become more 
stable, it is given full gate opening, and the alternator operates at full 
load through the remainder of the run. When the furnace is tilted to 
scrape off the slag, the current is taken off, and again applied as soon as 
this operation is completed. . 


The electrical readings were taken on the regular switchboard volt- 
meter and kilowatt-meter, for which no here nae could be obtained. 
There was no ammeter a circuit, hence, no determination of the current 
input or of the power factor could be made. 


The following readings were taken :— 


Charge No. 658, March 5th. To obtain dead soft steel :— 


Time. Volts. Kilo.-watts. 
P.M. 

fer: Bas 110 200 
4.00 115 220 
9.00 Dyes 350 
9.30 110 330 
10.00 108 360 
10.30 117 360 
11.60 108 360 
11.30 105 350 
12.00 105 360 
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Beginning of run partial gate opening, p.m............ T.45 
DEMO LOMO DEMME aNd YAU eee Wie a Miic Bae dele orc nn aia ote PEL Ome 9.00 
BerUOiie OU Dial aianen Wi wert emit glory eC | WAC CRIS laa I Ae Bs 
CMC GHT OL SEM ALOL AION TS Sr Grmul Ge. eka laie i, Suna ose Seen 4% 
AUS PIP so RAS Verets GT ok OU Rane et rR ae ORAL aL 108 
Mean inlowatts, partial oate“opening ys. 5 3.0 re 210 
Mean kilowatts, 1ulloate opening. oe 353 
OCA N IC TIG Want GR ALOUESMMRO Espen at al Aah. avila sets shen dineciaa Naty 1410 
Mean horse power, full gate opening.........05...-. 480 
BM OUNI TLORS CaO mens NO lesa trey ayia, Mil knt Vidi Ao. mytn naar 1920 
MEO a EN OTSO-POMe te VEArerGs evi vic leheveeaieita 4 eae mea nate a4 0.219 
Output of ingot (obtained from Mr. Harbord) kgs...... 1283 
Horse-power years) per’ ton ‘of ingot. 26 3 based... O17 
Cost of electric energy per ton of ingot, at $10 per horse- 
DOWiSTNRVC A atte ties eo tie Sei a Poraiidira ees Matra Pe Ral AAS $1.70 
Charge No. 660, March 6th. , For tool steel, standard produet :-— 
Time. Volts. Kilo.-watts. 
Avi: 
11.45 120 220 
12.00 120 200 
P.M. 
12.15 115 225 
2.45 110 340 
3.45 108 350 
4.15 107 340) 
4.45 — 107 340 
5.15 105 340 
5.45 110 340 
6.15 110 330 
6.45 110 340 
Beginning of run, partial gate opening, a.m............ 11.40 
LSVaN Ey egrmite: cel eCeneweFeacd Neat aGrags Wis Ware nathan enable eer ek PUMA ete 12.45 
UVC ees tae mi Cay OYUN bac eeip aL ener opie eee tS We ALAM AOE Ge atte HCAS 7.40 
Benothtolechn: tors Mourss ca atn malay ereteie sis. vp erste 8 
VLA TN. WV OUbAD ON suse. cmaeenar leaks autre Lollep Menten acon Nie, Sats 'enateategea states 110 
Mean. kilowatts, partial gate opening!)...............5 215 
Mean) kilowatts, tull wate opentnge cy k as see 340 
feota lick wowatt sometimes ect baamaam crane ss ca raven ieme ve, eae 2580 
Mean horse-power, full gate opening................ 462 
total, InOrse=DO Wer MOUTS" “ge ueabinaw dts shake - secu wnedaneotue 3500 
Potah Norse-pOwer vy Gals, so ages: «al cig as thvak aan 0.4 
Output of ingot (obtained from Mr. Harbord) kgs...... 2341 
Horse-power years. per ton of ingot. |. .).' 6. ee et On 17 


Cost of electric energy per ton of ingot, at $10 per horse- 
TOWEL YOAL weiss cic rachael at) he a ne $1.70 
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In the above figures of energy consumed, the short periods have 
been neglected, during which the current was taken off to remove the 
slag. , 

Charge No. 660. For structural steel. 


Mr. Héroult stated that this charge was ready to cast for structural 
steel at 5 p.m., the remainder of the time being required to purify the 
metal for the higher grade product. This would give the following 
figures on the production of structural steel :— 


Beneth -ot vin yhoma lous it. he eon ane aber an te eee mn es 5% 
Mean’ kilowatts, partial-eate opening)... 002) Poe 215 
Mean ‘kilowatts; fully eae! openiae Vin eo hiol Me ee 842 
ota Lowe tow OT Reyeie 18.00. eA ee eae 1680 
Mean horse-power, full gate opening......  ........ 465 
Total horsepower mou rs: 0.0.0 0°.80ig)e ee ep, yo hem eee neue tes 2285 
otal horse-powengyea Is: 6). bin aatanaiary ep te Lek etme: 0.261 
OLinr eh vuipronmabareayiaticcccs nae Ungar trnGn POM NC we uae. No Ny ce 2341 
HHorse-poweraveate per ton of AnCOLsn pr aeten eine eee Oat 
Cost of electric energy per ton of ingot, at $10 per horse- 
POWED Vieatarn leat eres Lh rN Satie ane a ai Sa Se Dee ek 


The output of ingot is assumed to be the same as obtained as tool 
steel, but would, in fact, be somewhat greater, as a percentage of the steel 
is lost in the various slags taken off. 


The above figures are for the energy actually consumed during the 
run, but the furnace is operated with partial load a part of the time, and 
also a certain amount of time is lost between runs, which has been esti- 
mated roughly at 14 hours. These facts must be taken into considera- 
tion in getting the output of a given furnace, and also of the electric plant, 
except in case current is supphed to a number of furnaces through traus- 
formers, in which case the periods of the different furnaces may overlap 
and the electric plant be operated at practically continuous full load, the 
transformers alone being subject to a loss of time corresponding to that 
of the furnace. 


The violent fluctuations of the current and the liability to short cir- 
cuits make it desirable to limit the possible current to a moderate over- 
load by suitable design of the alternator or of the transformer, in case 
one is used. 

tHe KELLER PROGESS, 


This process was operated for the Commission on March 28th. For 
description, see pages 76 and 77. 


In starting operation, a small quantity of iron is introduced, and the 
current passes through it, making circuit by contacts or ares, as the case 
may be, and immediately it has partially reached the liquid state, the 
necessary materials are added to form a slag on its surface. During this 
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period of formation, the current is. subject to violent fluctuations, but 
when the slag is formed, the electrodes are placed in contact with it and 
the energy of the current is largely absorbed by its resistance and con- 
ditions become much more stable, the furnace operating purely on the 
resistance principle throughout the remainder of the run. 


An alternating current is used, and is supplied at the voltage re- 
quired direct from the alternator, which, in this case, operated two fur- 
naces connected in parallel. The alternator is of the horizontal shaft 
revolving field type, having 16 poles, and rotating at about 800 revolu- 
tions per minute, giving a periodicity of 40 cycles per second. 


The regulation is effected by adjusting the electrodes vertically by 
hand, thus changing the resistance by varying the thickness of the ee 
of ve through which the current must pass. 


The electrical readings were taken on the regular switchboard in- 
struments, for which no calibrations were obtained. The ammeter was ° 
connected to the circuit through a transformer, having a ratio of 100 : 1, 
and the amperes given in the table are 100 times the scale reading of the 
meter. ‘T'wo voltmeters were used, each of which was connected to read 
the voltage between the bath and its respective electrode, and the readings 
given in the table are the sum of the indications on the two meters, and 
represent the volts on the furnace. There was no wattmeter in circuit, 
hence the watts could not be read, and no determination of the power 
factor was made. For purposes of calculation, it has been assumed as 
0.85, which would appear to be reasonable for a furnace of this construc- 
tion. 


Following are the readings obtained :— 


VOLTS. VOLTS 
TIME ——— AMPERES TIME AMPERES 
Hartmann & —— Hartmann &| —_—— 
—— Braun Hartmann & ee Braun Hartmann & 
No. 130282 Broun No. 130282 Braun 
March 28th and No. 73670. || March 28th and No. 73670 
No. 70536 | || No. 70536 
ALM! P.M. 
10.00 70 1500 2.00 80 2900 
10.30 | 70 2800) 2.30 72 3100 
11.00 71 t 3000, 7] 3.00 76 3100 
12.00 | 73 Wee S000 1) 5 330 we 2800 
P.M. 4.00 (S 2900 
1.00 12 3000 4.30 72 3000 
1-30 73 3000 5.00 i 3000 
Hee erage , saci sts as Uelepngemnntcte ch Siok arg ey Stele Nees 10 
“Sun Gl ae? TAR eO Rs oe ete epee genni ie np 7c? emu re Cr 5.30 


er oeneor run, MOUrssy. Sat wna rene n> fh hele tena ae T.% 


Mean volts 


Maar amperes sates aan et phe ee ee pera ite URS aaa as Nhat ele 2854 
Mean ‘kilocvolt-amperesies yous eee aired ho aehe eane nos 208 
Total kilo-volt-ampere TLOTERSE Neg elie societies dae @ hegeneaee eae 1560 
‘POWOL LAGUOR | COSSTINE, NW meet seater Ms ke Mh corse aera re oat ee eee 0.85 
bean ilo wiihte ncaa Si te et: ati eB c/n ale en nn cg, 
otal Abo watimnOune i. a oko nwa entun tc ib ic Meare meester 1325 
WieGa In Gree SOO Wel: Maoh cline se imtenere eee Oy, ale (meee anna 240 
‘Lotal horsepower NOurgyt. vas coe sewers eueieinterie Bhd ae ake en aloe OU) 
Total horse-power years ........ BESO AB RUE IES aU 0.206 
Output of ingot (obtained from Mr. Keller) kgs........ 1650 
iHLorse-power years per ton, of imgote si. 20 ale eee 0.125 
Cost of electric energy per ton of ingot, at $10 per horse- 
POWEr) Meare mee oeie Tes hu aia Daedelus ae $1.25 


Summary of Results Obtained for Pig Iron. 


| 
Héroult’s 


KELLER PROCESS 
Process es 


IN FRENCH UNITS 


First Run |Second Run 


Dota PRC Ow ait sl @ursitie ects 0 ol A cea er 
otalhoree MOweriy care) ay cn) am anlar er 
Total output of ‘pig iron in Kgs........ 
Kilowatt Hours per ton of pig 
Horse Power Years per ton of pig 
Cost of electric energy per ton of pig 

$10.00 per H.P. Year 


eee ee) ie eve 


baer DC Chaat ebeg 


OD S10) £0) «WW Le, Fay ier eer 6 He 


IN ENGLISH UNIIS 


ote RO watt Ours. ey Ons On uae uae 
Total Horse Power sy ears es vi ee 
FotalmMutput- ot: Pig iron mlos, | 2 cues 
Kilowatt Hours per ton of pig......... 
Horse Power Years per ton of pig...... 


Cost of electric energy per ton of pig at 
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Summary of Results Obtained for Steel. 


Respectfully submitted, 
CO. EO BROWN, 


Electrical Engineer of the Commission. 
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Diagram showing the Electrical Connections of the Keller 
Furnace with 2 Hearths. 


Diagram showing the Electrical Connections of the Furnace Fig. 22 
employed for making Pig Iron at La Praz 
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Pe PALE URGIST S-REPORT ON THE ELECTRIC 
SMELTING OF IRON AND STEEL 
IN Se URORE. 


Englefield Green, Surrey, July 27th, 1904. 
Sir,— 
I herewith beg to enclose my report embodying the results of my in- 
vestigations on the electric smelting of iron and steel in Europe. 
I remain, Sir, 
Yours faithfully, 


(Sed.) FLW. HARBORD. 
Dr. Haanel, | 

Director of Commission on Electric Smelting, 
Ottawa. 
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KJELLIN PROCESS. 


The first process investigated by thé Commission was the Kjellin 
process at Gysinge, in Sweden. 


This process is especially adapted to the manufacture of high class 
tool steel from pure pig and scrap and in its present form cannot compete 
with the Siemens or open hearth process for the manufacture of struc- 
tural steel. 


The furnace employed is an induction furnace, in which the con- 
tents in the hearth or crucible form the secondary circuit of a trans- 
former, the primary circuit being formed by a coil of thin insulated _cop- 
per wire, with a laminated core. When an alternating current is passed 
through the coil it excites a varying magnetic flux in the core, and the 
intensity of the current induced in the steel is then almost the 
same as the primary current multiplied by the turns of wire in the 
primary coil. The tension of the current is naturally reduced in almost 
the same ratio as the intensity is increased. In this way it is pos- 
sible to use an alternating current generator of high tension, and yet 
(without using the transformer, with copper cables of large sections and 
powers or electrodes) to obtain a current of low voltage and great inten- 
sity in the furnace. In figures 1 and 2 is a plan and a transverse section 
of the furnace through the tap hole. The furnace was basic lined. 
Either dolomite or magnesite bricks can be used. 


We arrived at Gysinge on Sunday evening and the first experimen- 
tal charge was made on Monday, Mr. Brown, the electrician accompany- 
ing the Commission, having in the meantime connected the instruments 
for controlling the consumption of electric energy. 


First Experimental Charge No. 546. 


It was arranged that the first charge made should be a high carbon 
steel containing about 1.0% of carbon. 


We commenced to charge at 11.45 a.m. and the following is the 
composition of the charge and analysis of materials used. The pig iron 
was the best Dannemora, and the bar scrap Walloon iron. 


Norte.—All figures in this report relating to the consumption of electric energy were 
supplied by Mn. Brown, the electrician accompanying the Commission. 


60 


CoMPOSITION OF CHARGE. COMPOSITION OF Pic IRON AND SCRAP EMPLOYED. 
Charge No. 546. Best Swedish Pig Iron. Walloon Bar Lron. 
Kegs. ie a 
PiouronsGwhiteyies fsa 300| Carbon. ... 4.400 | Carbon .... 0.200 
Dbectsseh age: even ee ee L125) Silicon 4, 20.) 0.080 1 Siliconera cen. 0.030 
Bar Sera he hb ei de os 600] Sulphur... 0.015 | Sulphur... . 0.008 
Metal in furnace, estimated 700 Phosphorus. 0.018 | Phosphorus . 0.009 
Silicon pig, IRL ae Seg ae - 30) Manganese. 1.000 | Manganese. . 0.120 
Ferro-manganese, SO aun 1; Copper... . 0.015 | Copper. ... =. 0.008 
a tArsenic, uo. <), 0.0385 (Arsenic wed ase sa 
SEOUL CNA a) orate ater L5G 
Less metal in furnace... 700 
Weight. ot chance. ane. 1,056 


The steel scrap was from previous charges and contained about 1.07% 
of carbon. Only a part of the materials was charged at the commence- 
ment, but as the charge melted, further additions of pig iron and serap 
were made. The bar scrap iron was more or less rusty, and consequently 
had some oxydizing action upon the impurities in the pig iron; as the fur- 
nace is never completely emptied, the slag from previous charges gradual- 
ly accumulates, and is removed in small quantities, from time to time, 
from the top of the bath of metal. About 7 kgs. of slag, somewhat fer- 
ruginous, were removed during the working of this charge. Assuming 
that no oxidation had taken place during melting, the steel should have 
contained about 1.40% of carbon, but owing to slight oxidation, the actual 
percentage was 1.082. 


When the entire charge was melted, the current was continued until 
the temperature of the bath had acquired the necessary temperature for 
tapping, and the steel was then tapped into a ladle in the usual way and 
cast Into ingot moulds. This charge was tapped at 5.45 p.m., the time 
taken for the working of the charge being 6 hours. The metal ran from 
the ladle quite freely and no skull was left behind. It was very quiet 
in the ingot moulds, and the weight of ingots was 1,030 kes., or 2,271 
lbs. ° Approximately, 700 kgs. were left in the furnace, the furnace 
men having instructions always, as far as possible, to leave the same 
quantity in the furnace. To arrive at an accurate yield, it would be 
necessary to take a series of charges extending over several weeks, as the 
amount of metal left in the furnace might vary slightly, but assuming 
that the same quantity of metal was left in as was estimated to be in on 
commencing to charge, we have 1,056 kgs. of material required to pro- 
duce 1,030 kes. of steel, equivalent to 2,053 Ibs. of materials, to produce 
1 ton (2,000 lbs.) of steel ingots. 
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The ingots were 4 in., 5 in. and 74 in. square and one of the small 
ingots selected by me was forged down in my presence to 14 bar and 
tested for welding by the drift test with most satisfactory results. The 
remainder of this bar was stamped with my private stamp and forwarded 
to Cooper’s Hill for mechanical testing and for forging into tools for 
comparative tests with high-class crucible steels. The results of all these 
tests will be found in Tables Nos. I and VI. 


The total amount of energy consumed during the working of this 
charge was 857 kilo-watt hours, equal to 0.133 electric H.P. years, or 
0.130 H.P. years per 1,000 kegs. of steel produced, equivalent to 0.116 
K.H.P. years per ton. 


Drillings were taken from three 5 in. ingots and one 7% in. ingot at 
top, centre and bottom, and reserved for analysis; the results are given on 


page 68, under analytical results. 


SECOND EXPERIMENTAL CHARGE No. 547. 


As it was important to determine how far it was possible to make 
steel of any required carbon content, I asked Mr. Kjellin to make next 
a medium carbon steel of about 0.5% carbon. 


Composition of Charge. 


The following materials were charged into the 700 kgs. of steel re- 
maining in the furnace. 


LED NROME 24 Ni RAS ties Pag aes Th cha Abr orp meee crea 100 kgs. 
LEST SAGE, GMa oly Mayet agra ner ape eu ea a S25 a. 
SOG, AVOTRRT Oe WEG eek ee fear aae nara gre oe LOQs rs 
Herre manganese: (6070 )is 24.6... ke ree ae Sat ga 
Picom: piem lo Vo silicon) i405 62. Sinha ee ee les Son 

Wieishtmor ebarvesge. 2.) a « Bae Rete hes 10615 
Bice! in turnace (about)... . bss. eae a OU es 

MPa ale haracu ttl ttre mem tous heat jah G18 33 


We commenced to charge at 6 o’clock on Monday evening, and the 
charge behaved quite normally and was tapped at 12.28 midnight, about 
64 hours from the time of charging. There was rather more slag formed 
owing to the larger quantity of bar scrap and about 10 kgs. of this were 
removed during the working. When tapped the metal was not quite so 
hot as it should have been and it did not leave the ladle as completely as 
in the previous charge, a skull being left in the ladle weighing about 79 
kgs. The metal was fairly quiet in the ingot moulds and the ingots 
were solid and free from pipes. The weight of ingots and scrap was as 
follows :— 


aE v¥sc0)F Meera cows, tein deere eee Se, Ge ake Glee pat 876 kgs 
SIG eM a pes me REDE nu ROU a riec aa a et Bie 
LOA suns ety anes ane Si tal ne tener tee JOD. se 


Thus, 1,061 kgs. of pig, scrap, &c., were required to produce 955 
kgs. of steel ingots and scrap. This is equivalent to 2,222 lbs. of 
materials for every ton of steel produced. This yield is very much less 
than on the previous charge, but possibly more metal was left in the fur- 
nace, a very slight difference in this respect greatly affecting the results. 


One ingot was forged down and four others selected and drilled at 
top, bottom and centre, as in the previous charge. The forged bars from 
this charge gave excellent welding results, and the result of the mechani- 
eal tests are given in table I. 


The total electric energy consumed during the working of this charge 
was 994 kilo-watt hours, equal to 0.152 E.H.P. years, or 0.145 E.H.P. 
years per ton of steel. 


Third Experimental Charge No. 548. 


The last cast of medium steel having been satisfactory, it was decided 
to make a cast of low carbon (0.20%, or less) steel. 


With this object, the following charge, consisting entirely of bar 
iron, was charged into the furnace, no pig iron, except a little silicon pig 
at the end of the operation, being added. We commenced to charge at 
12.40 midnight :— 


Bar WrOnee a cesee cieiepteicrs. cua ie ak aay oe tree a ieeme 900° “kgs. 
Silicon pig (added at end of operation)........... 35 i 
WerroAnan PANOSes. See ieee cae ete ee ae ee Pata ae 
Ts We ariie 
neh aCe soe ee Povey sare hon Sean oreo ha ee aa 100.0 Re 
BOEATSCHS ROCIEE troy. ee eee ee ee BAG Vipses 


The charge melted down satisfactorily, but owing to the ‘electric © 
power being limited, it was found to be impossible to get a good tapping 
heat on the metal, although it was kept in the furnace until 9.5 a.m., 1e., 
eight hours and twenty-five minutes. When it was tapped it was rather 
wild, rose considerably in the ingot moulds, and skulled badly in the ladle. 
Owing to the unsoundness of the ingots and the considerable amount of 
scrap, it was not possible to get any reliable figures as to yield and this 
heat was discarded. 


Another attempt was made with a similar charge, using a little more 
pig iron, the furnace being charged at 9.20 a.m. and tapped at 4.45 p.m., 
but the same difficulty was experienced in obtaining the necessary tem- 
perature owing to the deficiency in electric power. The amount of energy 


: ae 
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consumed was 1204 kilowatt hours, or 68.4 H.P. days, equal to 0.187 
ii.P. years, and about 1,000 kgs. of metal were obtained, but owing to a 
considerable amount of scrap it was not possible to get reliable figures as 
to yield. 

Mr. Kjellin being still confident that he could make a low carbon 
charge successfully, the accumulation of slag’ in the furnace from the pre- 
vious charges was reimoved as much as possible and another charge made 
consisting largely of bar scrap. This was melted down but the same diffi- 
culty was experienced in obtaining a good tapping heat, and the large 
quantity of slag in the furnace also gave trouble. Finally the heat was 
tapped at 1.40 a.m., after being eight and a half hours in the furnace. 
The metal teemed well and was fairly quiet for dead soft metal; but 
owing partiy to a slight accident which delayed the teeming, and 
partly to the metal not being very hot, after the first four ingots 
were cast the nozzle closed up and it was impossible to complete the 
teeming, and the metal had to be poured back into the furnace. The 
four ingots which were cast were fairly sound, although there was more 
piping than desirable. These were taken to the forge and drillings 
taken from top, centre and bottom of each, as in previous charges. One 
ingot was forged down to 14 bar and tested for welding and cold bending 
and gave excellent results; a portion of this bar was forwarded to Cooper’s 
Hill for mechanical tests, and results are given in table I. In each of 
these charges a little aluminium was added in the ladle before teeming. 
The difficulties experienced in making the soft steel were due more to the 
especial conditions prevailing at Gysinge rather than to any defects in 
the process itself, and had they had ample power to obtain the necessary 
heat on the metal soon after it was melted, there would, in my opinion, 
have been no difficulty in making the low carbon steel. Owing, how- 
ever, to the deficiencies in power, it was most difficult to obtain the neces- 
sary temperature for tapping, in a reasonable time, with the result that 
the metal was kept in the furnace for from 14 to 3 hours longer than it 
should have been, exposed to the action of the oxidising slag. Another 
difficulty was that the furnace, having been designed especially for the 
manufacture of high carbon steels suitable for tool purposes, no slag hole 
for the withdrawal of the slag had been arranged for, as it had been 
found that in making these high carbon steels the small amount of slag 
produced could easily be removed through the charging doors. In mak- 
ing the soft steel, however, far larger quantities of slag are produced, and 
it was not found possible to remove the slag from the top, with the result 
that considerable difficulty was experienced in producing dead melted 
metal. Given a furnace slightly altered, so that the slag could be re- 
moved from time to time and ample electric power to produce the neces- 
sary temperature rapidly, there is not the slightest doubt that dead soft 
steel could be satisfactorily produced. 

As regards the mechanical and working properties of the steel pro- 
duced, whether high or low carbon, there can be no question that the steal 
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is of the highest quality. The analysis of the three ingots, drilled from 
the top, the centre and the bottom, when compared with the average drill- 
ings, will be seen to be almost identical, showing that there is ee 
no segregation, and the mechanical and w aldae properties of the steel 
are aha to me best. 


The results of the experiments at Woolwich Arsenal with tools 
forged from this material are given in Mr. Donaldson’s report, and it will 
be seen that, speaking generally, they are very satisfactory. 


COSiF “OF “-RRODUCTION. 


The cost of production will necessarily vary with local conditions, 
such as the cost of labour, refractories, electric energy, and pig iron and 
scrap; and it will be best to consider each of these heads separately. 


Labour.—There were five men and one boy employed on the 
furnace at Gysinge for each twelve-hour shift, and as the output was on 
an average 3,000 kgs. per 24 hours, ten men and two boys were required 
to produce 6,615 lbs. of steel. The wages paid are much lower than 
would be paid in England or Canada, and a correction must consequent- 
ly be made for this, according to the price of labour in the particular 
place, but the number of men employed will be the same. 


The actual wages paid at Gysinge are as follows :— 


HG. 
2 foremen, one on each shift, at 38.25 kronor ee day by ae hres eee 6.50 
2 alee one on each “ee BUS oa a ee eee 6.00 
2 helpers, one on each shift, at 2.60 ee a rae ee 5.20 
4 helpers, two on each shift, at 2.40 Sore. 9.60 
2 boys, one on each shift, at 1.70 4 e.g Sse eats 3.40 
Total tors, 000 kes of stecliinoote yo... ie ee 30.70 


At 18 kronor to the £1, this is equal to 33s. 6d. for 3,000 kgs. Con- 
verted into dollars and cents, and short tons of 2,000 lbs., we get $2.40 as 
the labour charges per ton of ingots produced. These will not in any way 
represent the Canadian or English wages, which for the same number of 
men would probably be between two and three times as much. 


Pig Iron and Scrap.—The actual cost of these materials will vary 
within very wide limits. In Sweden, at the blast furnaces, the cost of 
pig iron of best quality will probably not exceed $30 per ton of 2,000 
Ibs., and a limited amount of Walloon scrap, suitable for remelting but 
unsuitable for export, can also be obtained at about the same figure. In 
the case of other countries, however, Walloon bars at full market prices 
would have to be bought and cut up for remelting and the market price 
of these would be very high. The price of raw materials may be taken 
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to be the same as would be paid for similar materials for the manufacture 
of the best quality of high carbon crucible steel, at the particular place 
of manufacture. ‘This process offers no advantage over the crucible pro- 
cess as regards the cost of materials, as only the highest quality of scrap 
can be used, the points in its favour being the reduced cost of melting and 
the larger output. The following may be taken as a typical or average 
charge to produce 1 ton of ingots :— 


Lbs. 

LOXSEHE FON? MaDe 5 GK i coon rae gr a a a ea 600 
se mn BeLOO Te ar Chr (mee mec Ret. fo52e a eee aos wen tah 1,200 
Poe tC Lee Cinity Pen ete fa vc bho Ie OR 188 
PLC OMe DiS mInOMe Cra Vo-stNCOM uae no. esse oa a ea ek 60 
HleiTo Wratmanicccs(oU Jot ie. te ne, alors Aes he sd 2 
Pot aemrelg i etomprOdiice mh OW) hs ccr 1 a. 2,050 


Refractory Materials and Repairs.—lt was impossible to determine 
the cost of repairs during the short time we were at Gysinge, but Mr. 
Kjellin very kindly gave me the figures from the works’ books, extend- 
ing over a period of 10 weeks, during which 309 tons of ingots were maile. 
These, including the cost of cutting out old lining, relining furnace, all 
refractories and labour charges, came to 60 cents per 1,000 kes., equiva- 
lent to 54 cents per ton (2,000 lbs.) of ingots produced. The details 
were as follows :— 


Kn 

Ph OIE rOLeCUIG IMS MOUGLOLUMIMIM Onis 2... arched he et 50 

Seercorractory materials: (Maonesite). a. cei. ike ae ee 383 

ire cece On reli IN oper te ieee ae SS soa esr en Sag 70 
Daily repairs, over 10 weeks work........ 23.0665: 128.25 
6381.25 


631.25 kr. equals 700s., or $168 for 309 tons. 


Electric Energy.—The cost of this will vary at every power station, 
but for the purposes of these calculations the cost is assumed at $10 per 
E.H.P. year. In the three charges in which the consumption of energy 
was determined by Mr. Brown it cost on this basis 1.30, 1.60 and 1.87 
dollars per 1,000 kgs. of ingots, or an average of 1.56 dollars, equal to 
1.40 dollars per ton of ingots produced. 


Mr. Kjellin kindly gave me the figures from their books showing 
the electric energy consumed in producing 309 tons of ingots during 10 . 
weeks, or 70 working days. This was 41.3 E.H.P. years, costing 1.48 
dollars per 1,000 kgs., or 1.34 dollars per ton. These figures practically 
confirm those obtained by Mr. Brown in the experimental charges. As 
would be expected, they are slightly lower, the steel made during this 
period being almost entirely high carbon steel; whereas, of the three ex- 
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perimental charges, one was medium and one low carbon, and owing to 
the longer time and the higher temperature necessary, a larger amount 
of energy was consumed. It is best to assume the cost of materials will be 
the same per ton as for crucible steel of the same quality, that 2,050 lbs. 
will be required to produce 2,000 lbs. of ingots, that ten men and two boys 
will be required to produce 6,615 lbs. of steel, and that repairs will not 
exceed $1.00 per ton of steel ingots produced. We may take the electric 
energy at $10 per E.H.P. year to be equal to $1.34 per ton of steel pro- 
duced. : 


The coke used in crucible melting in Sheffield to-day probably varies 
from 2 to 34 tons per ton of steel produced, and even in the large gas-fired 
furnaces employed in America and Germany probably 1 ton of slack, cost- 
ing not less than 10s. per ton, is necessary. The labour charges, costs of 
pots, &c., will be considerably more than the labour charges and repairs 
with an electric furnace per ton of steel produced. 


Thus, we have the cost of materials approximately the same anda 
considerable saving in favour of the electric furnace, if we place the cost 
of electric energy and labour against the cost of fuel and labour in pot 
melting, even when the latter is carried on under the best possible condi- 
tions. The following estimated cost of producing 1,000 kgs. of ingots 
at Gysinge was given by Mr. Kjellin :— 


Materiales canis Ta aean'. ales Soe 8 Nico enti rae anes ee ae $31.66 
A Ve hectare ies eae memes Sm Terabe Sunnis Maver Gs Woh ad 6 2.66 
Renewals *andsrepains oe. ste este ere heen tae 0.60 
Wlectrieyenerey <a feceae ae ee cco eee 1.48 
Tmeot ici sue Ses oe eer se Ga a ee 0.48 
Trtere stand redemptions: sectarian, ree eee 0.60 

TiO tae ae tk ee os aoe echo, eee naa $37.48 


This is equal to $34.00 per ton of 2,000 Ibs. 


It was impossible to obtain any absolute figures as to yield from the 
three experimental charges, as the furnace not being emptied a few kgs. 
more or less would make a very considerable difference, and without check- 
ing a number of charges over a very considerable period reliable results 
could not be obtained. Mr. Kjellin kindly gave me from his books 
weights of materials charged and of ingots obtained, during twelve weeks 
continuous working, which showed that 2,050 lbs. of materials were re- 
quired to make 1 ton of ingots. To give any estimate as to the cost of 
labour or materials in Canada would only be misleading. 


So far no special alloys for the manufacture of high speed cutting 
tools have been made at Gysinge, but there appears to be no reason why 
this should not be done. The furnace is simply a large pot furnace and 
has the additional advantage that there is not the slightest danger of the 
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steel taking up sulphur during the process of melting, and by making 
suitable changes steel of any required composition can be made. 


So far as we saw the process conducted at Gysinge it was from a 
metallurgical standpoint sunilar to the old crucible process, any varia- 
tion in the finished steel being produced by altering the relative propor- 
tions of pig and scrap and little or no purification being effected by 
oxide of iron. Before our visit experiments had been made in working 
the furnace with pig, ore and scrap, as in the ordinary open hearth or 
Siemens’ process. Pig iron and Herrang briquettes, containing 62% 
of metallic iron as ferric oxide (i+, O;) were used in the experiments, 
and an output equal to about 59% of that when working cold pig 
iron and scrap was obtained. Mr. Kjellin estimates that with pig iron 
at $13.00 and ore at $3.00, with a 30-ton furnace of 1,000 E.H.P., he 
could produce ingots at $18.00 per ton, taking his electric energy at $15 
per electric H.P. year. 


In my opinion, the furnace would require considerable modifications 
before it could be conveniently used for the manufacture of mild steel to 
compete with the Siemens furnace, as the difficulty of removing the whole 
of the slag, while retaining a small portion of the metal in the furnace, 
would, I fear, be considerable, and I anticipate that repairs could not be 
so readily effected if the walls were badly cut by the slag, as in the case 
of an ordinary Siemens furnace. Mr. Kjellin has, however, shown so 
much ingenuity in surmounting the difficulties in connection with the 
manufacture of high carbon steel, that, given the opportunity to experi- 
ment with a furnace on a reasonable scale, it is quite possible that he may 
be able to overcome these difficulties and make the manufacture of mild 
steel a commercial success. The process, as at present worked, is admir- 
ably adapted for the highest class of steel from pure materials and the 
only objection to it is, that it is limited to these pure materials and can 
only be used where they are obtainable. I do not think in its present 
stage of development it is adapted to treat ordinary pig iron and miscel- 
laneous scrap of more or less irregular composition as the complete 
elimination of any impurities present could not always be relied upon. 
Under the special conditions existing at Gysinge and in some other places, 
it is capable of doing most excellent work and is a most efficient and 
economical metallurgical appliance. There seems no reason why the size 
of the furnace should not be very considerably increased, whatever diffi- 
culties there may be being electrical, rather than metallurgical and with 
furnaces of 5 to 10 tons capacity the labour costs would be very greatly 
reduced. Five men and one boy could do all the necessary work if they 
had a little assistance in charging, on a five ton or even a ten-ton furnace 
without being in any way overworked, and this would at once reduce the 
cost of labour by nearly five to ten times, according to the size adopted, so 
that with a fair-sized furnace the cost of labour in Canada, notwithstand- 
ing the much higher rates paid, might be actually less than at Gysinge. 
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The following are the analytical results obtained. 


CHARGE. 546. 


Average Sample. 


Carbon 


Silicon 


Sulphur 
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Drillings taken from 4 Ingots. 


1.082 


Carbon) .a% 
Silicones 
Sulphur .. .~ 
Phosphorus . 
Manganese . 


DRILLINGS FROM TOP, BOTTOM AND 
CENTRE oF 7%” INGOT. 


DRILLINGS FROM THREE SEPARATE 
Incots, Nos. 1, 2 ANnp 3. 


Top. 


1.983 
fer se 
0.008 
O09 
OQ. 242 
| 


Centre. 


POUT 
. 205 
. O10 
ue Al atk 
. 260 


SS SS ji! 


Bottom. | 


9) liam a" jem ‘a? Ae 


No 1 No. 2 

Top. Centre. 
1.086 1.086 
0.206 0.204 
0. 009 0.010 
0.010 CEOs} 
0.250 0.246 


No. 3 
Bottom. 
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CHARGE 547. 


Average Sampie. 


Carbon 


Silicon 


Sulphur 
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Arsenic 
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Drillings taken from 4 Ingots. 


0.417 


SLIGO. axe 
Sulphur... 
Phosphorus . | 
Manganese 


Carbon... . 


DRILLINGS FROM TOP, BOTTOM AND 


CENTRE OF 7%” INGOT. 


DRILLINGS TAKEN FROM THREE 
SEPARATE INGOTS. 


1 
| 


Nona: No. 2. No. 3. 
Top. Centre. Bottom. Top. Centre; Bottom. 
.| 0.415 0.402 Uizoud 0.415 0.401 0.405 
aie Ose 0.148 |° 0.147 0.145 OES) 0.148 
0.009 0.010 | 0.010 0.009 
O08 OO 12 2). Door? 0.010 0.010 0.011 
Sia OEE ED) OeLOG i) SOF1G8 ORE2 0. TIO O23 266 
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CHARGE 550 (Low Carbon). 
Average Sample. Drillings taken from 4 Ingots. 


CEL ATOUEL Srgoe Sie Nee ten Fe eater iid Manger 0.098 
RHC OMMINe ry canoes ett arwemetenn. sa 0.026 
NOD | OAV EEL Aha RR ea eines Zoic gas 0.012 
ethOe MOU our ani er eae a5. Ve! Soar: 0.012 
WESTICTIOSCs canweeminn ets boon. ee wiec ds 0.144 
PEM STATE A lia ctu hs Cut Aen er aaa nee 0.022 
Cpe bei pen dee  en,  Ge 0.030 
ssl BAUR a tad ae f.2) ey WU ek a Caplieeere ameanen Trace. 


DRILLINGS FROM TOP, CENTRE AND eee FROM THREE SEPARATE 


6.012 | ‘07011 | 0.010 | 0,012 
(eae 0-198" 1220: a4 0,138 


Phosphorus.| 0.011 0.010 
Manganese..| 0.142 0.141 


BOTTOM OF las INGOTS. INGOTS. 
ee NIG. ¥. ‘ NidiZ. No. 3. 
Op: Centre. i Bottonmiy sug =. Op: Centre, Bottom. 
Maroon. 42: » 0.102 0.105 | OALOS Re e105 WEIN OR 02099 
Bicones... 0.028 0.029 0.030 0.082 0.030 0.026 
pulphur..../{, 0.010 07009. 0.010 0.011 
| 


ANALYSES OF GYSINGE STEEL 
Received from the Works. 


Carbon. Silicon. Phosphorus. Sulphur. Manganese. 
Onogl O21 0.015 O-OTL 0.77 
0.89 eal 0.015 0.005 0.30 
0.80 ea2 i 0.015 0.007 0.48 
0.63 0.30 OO Le 0.008 0. 44 
0218 Oe r2 0.017 0.008 EY, 
0.07 OeOr2 0.0138 0.009 0.06 


BEROUEE PROCESS. 


The next process investigated was the Héroult, and we first visited 
the works of the Héroult Electric Steel Co. at Kortfors, where the process 
was in commercial operation. We were not able at these works to make 
any experimental charges, as they did not wish to interfere with the busl- 
ness routine of the es. ne we saw all the details of the operation, and 
the properties of the opal were demonstrated by various welding and 


other work tests. 


The furnace is similar in general arrangement to the tilting furnace 
used for the Siemens or open hearth process, except that the gas ports at 
each end are replaced by charging doors, and the temperature is main- 
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tained by carbon electrodes which pass through the roof. ‘The furnace 
was about 4-tons capacity, basic lined, and the charge was entirely mis- 
cellaneous steel scrap. The electrodes were surrounded by water jackets 
where they passed through the roof of the furnace, and were raised and 
lowered by automatic electric regulators. The electrodes did not touch 
the surface of the bath, but were kept just above the slag line. Ore and 
lime were added from time to time, and the slag removed three times dur- 
ing the melting and a new slag made by further additions of ore and lime, 
by which means the impurities in the scrap were almost entirely removed. 
The electrodes were two meters long, and 400 mim. square in ¢ross- 
section, and weighed 500 kilogrammes. They lasted one week, and the 
old electrodes were ground up and mixed with 50 per cent of new material. 
The cost of each electrode was about 60 kronor, or about $16.00. The aver- 
age make was about 40 tons per week, charges taking about 9 hours each. 
The charge when finished is not tapped, but poured into the ladle from a 
spout. As we were not able to investigate the process in detail at these 
works, no samples were taken and analysis and question of yield were 
reserved for investigation at La Praz. 


LA, PRAZ WORKS: 


We next visited the works at La Praz, where the process is at work 
under the supervision of the patentee, M. Héroult. 


The furnace was almost identical with that at Kortfors, except that 
it was somewhat smaller, and the electrodes were not surrounded by water 
jackets at the junction with the roof. 


The usual charge was about three tons, and consisted entirely of mis- 
cellaneous scrap, with suitable additions of ore and lime. As in the ease 
at Gysinge, it was arranged to make steel of varying carbon content, and 
the first charge was a low carbon steel for transformers. As only a small 
quantity of steel was required, an exceptionally small charge was made. 
The charge was as follows :— 


Charge No. 658. 


Miscellaneous scrap. 2.2) eo eS. 3,307 lbs. 
Tron Ore ie fence cence renee 330 “ 
LAMey eee... Poe een 246 “ 


The scrap was charged with some lime and then additions of ore and lime 
were made from time to time. 


When the bath of metal and slag was completely melted, the slag 
was poured off, great care being taken to remove the slag entirely; a new 
slag was then made by adding about 55 lbs of lime, 15.5 of sand, and 
15.5 lbs. of fluor spar. This was melted and kept in the furnace for some 
time, when it was poured off as completely as possible, the last traces 
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being raked off the surface through the pouring door. Another addition 
of lime and fluor spar, &c., in the same proportion as the last, was then 
made to form a finishing slag to remove the last traces of impurity; about 
1.5 lbs. of ferro-manganese was added, and the charge was poured into 
the ladle, a little aluminium being thrown into the ladle before the metal 
was teemed into the ingot moulds. | 

The furnace was ready charged at 7.45 p.m., and, the current put on, 
and it was poured at 12.15; time, 44 hours. ‘The very short time taken 
for the operation was due to the smallness of the charge and to the fact 
that no time was required for recarburizing the very low carbon steel. 
The steel when teemed ran from the ladle freely, no appreciable scrap 
being left behind; it was very quiet in the ingot moulds, and the steel in- 


CIEE Se Rial RGR I ee Ss oy BR a 2,820 lbs. 
SCA Wil] 012 oa aura UE RULE ce MTA ABU STE Me ga a Sate 
TOD Pera SOVAR Me Ai be delays < 41s 2.8297, 


This is equivalent to 2,838 lbs. of scrap for every 2,000 lbs. of steel pro- 
duced. All the weights were checked by myself. The analysis of the 
scrap and steel was as follows :— 


SCRAP CHARGED. STEEL PRODUCED. 

UO Rete Se ee, chk Gh Oneb1O Carbon) aed es.. Af acl Ose eM 0.079 
EOS ea 0.152 SUMCOI ON Ta eosin Anon 0.034 
PEON ste ash wate a. 0.055 Sup atit eyes ines aera 0.022 
PHO SUUOCUS ya! tehs st hss . 0.220 Bhasphorusixs ta yrs are: 0.009 
POMS AMOSE sh) 6b. a ene 0.130 Manganese nudes 128 air ds 0.230 
PRE OTING oe he lone oy ial ay 0.089 ONPOE INI Gui ee eri ate eae as 0.096 

Copper: iia e Gees. cyahy an Trace 


This was a special steel for transformers, and M. Héroult informed me 
before it was made that it would not weld, as to obtain the special quali- 
ties required for the electrical firms he purposely sacrificed the weld- 
ing qualities. In other respects the steel gave excellent results; it forg- 
ed remarkably well, without a trace of red shortness, and gave very good 
cold bending tests. 

The electric energy consumed was 1410 kilowatt hours, equivalent 
to 0.216 electric H.P. years, equal to 0.153 H.P. years per ton of steel 
produced. 

Charge 660. 
This was a charge for a high carbon steel. 
The same scrap was used, and the charge was as follows :— 


Miscellaneous steel scrap .........----- 5,733 Ibs. 
POpRO I ICODM Mare cieletaee Go mcsnennuemet sss ses = 8 19 
Ter ON ists 8S faisok tose es) eat eerebh ss ofa Wo 430 
TPS Al tae a er Shy cor eR a 346 * 
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Commenced to charge at 11.40 a.m., currrent put on at 11.50 but all the. 
current not on till 12.45; tapped at 7.4 p.m.; time, 8 hours. 


The scrap and part of the lime were charged before the current was 
switched on, and the remainder of the ore and lime was added during the 
melting. After the charge was completely melted, the slag was poured 
off, great care being taken to remove it as in the previous charge, and a 
second slag was made by adding 88 lbs. of lime and 22 Ibs. of sand and 22 
Ibs. of fluor spar. This was melted and removed, and a finishing slag 
formed by the addition of similar quantities of lime, sand and fluor spar. 
The charge was completely melted at 5.0 p.m., five hours and twenty 
minutes after charging, and if soft steel had been required, the furnace 
would have been ready to tap at this. time. The bath, however, had to 
be re-carburized to the required point and this was done by adding im the 
furnace ‘ carburite,” a mixture of pure iron and carbon, until the requir- 
ed degree of carburization was obtained, 19 lbs. of 12% ferro-silicon being 
also added at the same time. The charge was sampled in the usual way 
with a spoon ladle, and when the furnaceman was satisfied that the bath 
contained the required percentage of carbon, the metal was poured into 
the ladle, a little aluminium added, and the steel teemed into the ingot 
moulds. The metal ran very freely, leaving no skull in the ladle, was 
quiet in the moulds, and forged extremely well in the press; the welding 
tests were very satisfactory. The yield was 5,161 lbs., equivalent to 
2,000 lbs. of steel ingots for every 2,230 lbs of scrap and metal charged. 
The following is an analysis of the steel :— 


COAT OI trent) 208 ON URN pees ork aa eee 1.016 
NesEUTOVas s Man tictt en pans eanyy Lago tern tere ARAB hd 0.103 
oAVAROVEH OE Mui om bEri aad! J ht AURA DUEL EHS. 3. 0.020 
Phosphorusas) cee sae ee cca 0.009 
MATIC aN CSeay a cy eared soe ts cenmateg: 0.150 
FA TROMIC To MeN et cio ei ne atc ee Gn eae 0.060 
Goppe rine cll eke CTs aia an eater ge Trace 
HR Tvacalt svi y bad wUNprmnuenia ys San varulMge hs Wet g Trace 


The electric energy used during the working of the charge was 2,580 kilo- 
watt hours, equivalent to 0.395 electric H.P. years, equal to 0.153 electrie 
H.P. years per 2,000 lbs. of steel produced. 


Had this charge been required for soft steel, it would have been 
ready to tap at 5 o’clock, when the consumption of electric energy was 
1,680 kilowatt hours, equivalent to 0.257 E.H.P. years, equal to 0.100 HE. 
H1.P. years per 2,000 lbs. of steel. 


It will be noted here that, starting entirely with nearly carbonless 
scrap iron, the first product obtained is soft steel; to produce high carbon 
steel this has to be carburized by suitable additions. Consequently, the 
metal has to be kept longer in the furnace to produce high carbon steel 
than low carbon steel, and the consumption of electric energy is greater 
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in the former than in the latter case. This is just the reverse of the 
method of working at Gysinge, where the time taken in producing soft 
steel is longer than for high carbon steel. The methods of working, how- 
ever, in each case depend more upon the materials available than any other 
consideration, and there would be no difficulty in making high carbon 
steel without recarburizing, by melting down a suitable mixture of pig 
iron and scrap. in the La Praz furnace; and on the other hand, pure scrap 
could be melted down in the Gysinge furnace and recarburized at the 
end of the operation, if desired. 


COST OF PRODUCTION: 


The consumption in electrodes, when working continuously, was 500 
kgs. per week, and 50 per cent of old material, costing two centimes per 
ke., was mixed with 50 per cent of new material, costing 10 centimes per 
ke., thus costing about 30.00 francs for an output of 30 tons of steel. 


The average output per 24 hours was 4 tons; figures furnished by 
M. Héroult from his book showed an output of 120 tons for 30 days con- 
secutive work, and he considers that he can make 150 tons in this time. 
The average time for each charge was nine hours, and there were 5 men 
employed on the furnace each shift, including the foreman. In these 
men are included the ladleman and pitmen. 3 


The repairs and’ renewals are somewhat heavy; burnt dolomite cost- 
ing 8 frs. per ton of steel produced, magnesite 1.5 frs., and acid refrac- 
tories, including roof, about 2.5 frs. per ton, making a total of $1.40 por 
ton for refractory materials. 

It is extremely difficult to make a statement showing the cost per 
ton, as this will necessarily depend upon the price of scrap, labour, and 
refractories in the district; but as any scrap is suitable for this process, 
the price of the raw material is never likely to be very high and may as 
a rule, be taken to be about the same price as pig iron delivered at the 
same place. In England, the price of common scrap will vary from 45s. 
to 60s. per ton, but can generally be bought at about 50s. 


The cost, as regards materials and labour, will be practically the same 
as for a gas-fired Siemens furnace of the same size, making similar steel. 
Any difference in the cost will be due to the cost of electric energy and 
electrodes, as compared with the cost of fuel. Repairs will probably be 
higher, but not sufficiently to affect the cost of production. In a small 
Siemens furnace of this capacity, the fuel consumed would vary from 
1,000 Ibs. to 1,800 lbs. of good slack coal, i.e., small coal, per ton of steel 
produced. Such coal would probably cost $5.00 to $5.50 per 2,000 lbs., 
in Canada, and assuming 1,200 lbs. to be used per ton, this would be $3.00 
per ton of steel. The cost of electric energy, at $10 per ETP. year, would 
be $1.53, and electrodes are estimated to cost 20 cents, making a total of 
$1.73 against $3.00, so that there is a balance in favor of electric smelting, 
assuming the cost of materials and labour to be the same. 
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I think, however, it would be extremely difficult to make steel of 
such high cues ina ete gas-fired furnace, as with the greatest care the 
steel is always liable to absorb some sulphur fn the gases, and this has a 
very serious influence on the working qualities of high-class tool steel. 
This would especially be the case if the process were conducted on the 
same lines as to the removal and the renewal of the slag, to eliminate the 
last traces of phosphorus, and working with ordinary scrap, there seems 
no doubt that the quality of the steel produced in the electric furnace 
would be superior. 


So far as I am aware, there is no Siemens gas-fired furnace working 
with miscellaneous scrap which is making tool steel of this quality, al- 
though it may be possible to do it with specially selected materials. The 
real comparison, however, should not be made with the Siemens process, 
but with the crucible process, as it is with crucible steel that electric steel 
is competing, at all events at present. The advantage in working costs 
with the electric furnace is so considerable, that under the same conditions 
as to labour, it should eventually supersede the crucible process, especial- 
ly as there seems every reason to believe that the special alloy steels now 
being so largely introduced for high speed cutting tools could be readily 
made in this furnace. 


How far this electric furnace can compete with the ordinary Siemens 
process under the conditions prevailing in Canada is a much more difficult 
question to decide, as the cost of production largely depends upon the out- 
put, and to get a large output with low labour charges means very large 
furnaces, as practically a 30 or 40 ton furnace requires hardly any more 
men than a 3 or 4 ton furnace, provided mechanical appliances are ar- 
ranged for charging. 


The Héroult furnace is extremely well designed, and I see no reason 
why furnaces up to 10, or possibly 15 tons should not give satisfactory re- 
sults; but at present I should hesitate to recommend larger furnaces than 
this. I do not think, therefore, that furnaces of this size could hold their 
own against gas-fired furnaces of 40 to 50 tons capacity, or against the 
still larger furnaces of 100 to 200 tons working on the Talbot system, 
where labour charges are reduced toa minimum. It must also be remem- 
bered that in making structural steel in large quantities, pig, ore and scrap 
would have to be used, as it would not be possible to get sufficient quan- 
tities of scrap to supply a large plant. This would take a longer time to 
convert into steel than scrap charges, and the consumption of electric 
energy would be greater. On the other hand, the consumption of fuel 
in the large gas-fired furnaces per ton of steel produced would be less, not 
exceeding 800 lbs. of small coal, costing $2.00. Taking our electric energy 
as the same as was found experimentally, viz., 0.153 E.H.P. years per 
ton, and assuming it was the same for a pig and ore charge in the larger 
furnace and the cost of electrodes the same, we should have $1.78 for elec- 
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tric energy and cost of electrodes against $2 for fuel, and the larger fur- 
naces would still have considerable advantages in smaller labour charges 
per ton of steel produced. Notwithstanding the slight advantage shown 
in the above assumptions in favour of electric energy, I am of the opinion 
that, although the Héroult furnace is admirably adapted under existing 
conditions for the manufacture commercially of highest class tool steels, 
ordnance steels, high-class wire, and similar steels, it cannot at present, 
under Oanadian conditions, compete with the ordinary Siemens process 
for the manufacture of structural and rail steel. 


The following analyses of drillings from different parts of ingots 
from each charge show that the steel is remarkably uniform in quality 
and that there is no appreciable liquation. 

LOW CARBON. 


Charge 658. Average Sample. 


Cae DOM re A mea: Ok eens 0.079 

PS UMCOTE en enue grcit) Mio i tare saci 0.034 

NDPCIR GUO SoD 2 ola) | Lato eceRaet QR cas Sinaia 0.022 

POspHOUUS wha u clei oa: nia aod (ieee 0.009 

PM aT OUTCSE lice. ne Meme rl yc letee Mites 0.230 

TNTRSTEVCVE! WRBADE SN eh NAD Gilsarde ys ata 0.096 

POD PER pee ao tae NEO ANY Motes), Mapas Trace 

LARGE INGOT. SMALL INGOT, 
Top. Centre. Bottom. Centre. 

«TG ag RA a 0.084 | 0.069 | 0.068 0.070 
LOS RCA ie AR 0.036 0.034 0.038 0.030 
Premeamede 2 he RUE O W239 MeO 230e)) cn 240) 0.230 
Cae ea ae 0.019 0.020 0.022 0.022 
PESOS het ihe sss io 3c) eects 0.008 0.008 0.009 0.008 


HIGH CARBON. 
Charge 660. Average Sample. 


OPM A741 tape Ma RROML APE PEAE ira dP bb ct) aa ee 1.016 
RECO Eee ergs Ch lta apnea Meme eee! (9s he 0.103 
SUT FeLT CW alee Suen Rupa re tele 2810". aan 0.020 
Hehe DMLOLTLS 15) acai shake stata meme +o be 0.009 
INTER TOS ON EN be At. ley ata een es 0 oe 0.150 
PRCE TL Cp hat pts akc’ 5 a ree maMeenmme So, as 0.060 
(LOTS YS) SEC nrg S58, Trace 


LARGE INGOT. SMALL INGOT. . 
} Top. Centre. Bottom. Top. Céntre. Bottom. 
“Carbon feck hs 4.095 POG 1022 2048 10138 O22 
SUICOn ss he PaO OS 0.101 0.103 0.098 0.100 OnEO) 
Manganese... 0.144 0.148 0.158 Oc15l 0.150 0.146 
Sulphur eee ol 0.019 0.021 0.020 nee § 0.019 
Phosphorus.) 0.010 0.009 0.010 On011 0.011 0.010 


ANALYSES OF LA PRAZ STEELS 
Received from the Works. 


Charge C Ey S Si | Mn 

No. ve vs a %, of 
TFs Neen Del AIEL eta 0:65 |°.0.009 |). 0013 | O14 0.24 
POMEL Aten G85 1 210,000) I 0.018 oh kOud 0,25 
TOG ee int ek 1:05} 0.007 01018.) lors 0.25 
LOG Se Sil) ue UN 0.90 trace | 0.013 | 0.14 0.25 
LOVE tn eee gee 0190-71. 0,009. 3) 300120911) 012 0.25 
DOAN Beinn tae 140%) “O007 | 001s eeacod 0.26 
DOD ey tt aml Qi 0F 0. Lena SCs a ened 0.27 
DOG Nhe. ieee maine 135. | 70.010"8) -O.0P ate 015 0.27 
DON ON AAL MME aes 100 1 20.017. | 2001001) 0nd 0.27 
IRS Oe eames O00) Ho eeOlO 201 2 0,013 ae ame 09 0.20 
D&G cnn ns) Mae ee 0:65, |) 0:009° | 0.015.) 0.07 0.17, 
AY ae a ae eile St a 0:65" (| 01009" | 4 01012" 4 Tagi98 0.17 
DSB avert anc en 055. 00107 |. 0.016 4) 08 0.18 
280 Menara sate 0.60 | 0.010 | 0.018 | 0.08 0.17 
290 Shai ec eee 0.65". | 20011 |. 0.018 0.08 0.17 


KELLER EUEBCERIC STEEL “FURNACE. 


The primary object of our visit to the works of Messrs. Keller, Leleux, 
& Co., at Livet, was not to investigate electric steel manufacture, but the 
manufacture of pig iron in the electric furnace. We were, however, able 
to see one charge of steel made from steel scrap and a small quantity of 
pig iron made in the electric furnace in previous experiments. 


Messrs. Keller, Leleux & Oo. are not manufacturing steel commer- 
cially at their works in Livet and the furnace used for the steel melting 
has not been designed specially for this purpose, as in the other works we 
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visited, but is a plant arranged for general metallurgical experimental 
work, and is sometimes used for steel, and at other times for copper, 
nickel, and other smelting operations. It really consists of two furnaces 
at different levels, the materials being melted and partly refined in the 
upper furnace, and then tapped off to the finishing furnace at a lower 
level. In the particular charge which we saw, the upper furnace was not 
used at all, as the charge consisted almost entirely of light scrap requiring 
httle preliminary refining, and consequently it was charged direct into 
the lower furnace and melted there. This furnace is basic lined, and in 
principle is identical with the furnaces we saw at Kortfors and La Praz, 
and varies only in details of construction. It is a tiltmg furnace, mount- 
ed on trunions, but the steel, when finished, is not poured off by the spout, 
but is tapped in the same way as an ordinary Siemens furnace. ‘The tap- 
ping hole, instead of being in the centre of one of the longer sides of the 
furnace, as is usual in ordinary Siemens furnaces, is at one end, a slag 
spout being fixed at the opposite end. The furnace can be rotated in 
either direction so that the slag can be poured off at one end and when 
tapping it can be tilted in the other direction to facilitate the removal of - 
all the metal. There are two electrodes passing through the roof exacily 
as in the La Praz furnace, and these are suspended just below the slag 
line; lime and a little iron ore were charged and melted down with the 
scrap, and when melted the slag was poured off, and a new slag was made 
by further addition of lime. 


The charge. consisted of :— 


Tia tt SOT, aE sg CR OD Bee ae area 1,500 kg. 
leeiric: smelted. ple IONE kPa sjel lies vase 4 ok OCs 
Silico spiegel, 46% silicon, 15% manganese.. 15 “ 
Silico spiegel, 10% silicon, 50% manganese. . ade: 


1674 “= 3691 lbs. 


The analysis of the scrap charged, and the steel produced, was 7 


Scrap. Finished Steel. 
Carbon..... Prey Ona? War bongs. aa 0.576 
S| Oe ee ee ee | 0.062 Sa Comey tater a ater 0.287 
BOW ice io Js. | 0.072 PUN ee eee 0.055 
Biespnorus .. 00... | 0.044 PPEeILOSPUOLUS/scn5lys 0.046 
Manganese...... | 0.500 Manganese.....--- 0.540 
OWreniGi es <i. l e 0.068 INESETLICUL On ates 0.050 
| | Almmininm:) 1/35. 4600 trace 


The furnace was charged at 11.30 a.m., and tapped six hours later, at 
5.30 p.m., the refining not being carried so far as usual, as the Commission 
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were obliged to leave to catch the night train. It is customary to pour 
off the slag at least twice, but in this case it was only poured off once, so 
that the dephosphorization was not so complete as usual. It was not 
possible to forge an ingot down at the works, so that no welding or other 
tests could be made, and it was not possible to get the exact weight of the 
ingots produced, but the yield would be similar to that obtained at La 
Praz. The experiment was really only to demonstrate the working of 
the process, and it would not be advisable to deduce any figures as to costs 
from it. The energy consumed during the six hours was 0.203 E.H.P. 
years. | 


SUMMARY. 


The three processes of electric steel manufacture which the Com- 
mission has had an opportunity of investigating are all capable of produc- 
ing equally good steel and the selection of one or the other would depend 
upon local conditions. 


The Kjellin process is undoubtedly the nearest approach to the 
crucible process, and given a high-class pig iron and scrap has much to re- 
commend it, a special point being that the operation is conducted in a 
closed crucible or hearth, and there is no possibility of impurity being in- 
troduced by contact with electrodes. Its application, however, is limited, 
and although some purification can be effected during the melting, the 
quality of the steel will largely depend upon the raw material being very 
pure, in the same way, although to a somewhat smaller extent, than in 
the crucible process. ‘To what extent the phosphorus, &c., can be remov- 
ed in this process our experiments do not enable us to say, as all the 
charges we followed were made from purest materials, but the furnace 
is more suitable for replacing the crucible steel melting than for dealing 
with miscellaneous scrap and pig iron similar to that used in a basic or 
acid Siemens furnace. 


On the other hand, furnaces of the resistance type, with electrodes, 
can treat phosphoric scrap and pig iron in the same way as a gas-fired Sie- 
mens furnace. The neutral atmosphere and the intense heat which it is 
possible to obtain enable very basic slags to be used, and the mechanical 
arrangements allow the ready removal of the slag so that a pure non-oxi- 
dizing slag to remove the last traces of phosphorus can be ensured at the 
end of the operation. This undoubtedly opens a larger field for the 
resistance furnace, as in many districts common scrap can be obtained at 
a moderate price, where materials suitable for the induction furnace could 
only be obtained at a prohibitive price. They are, as regards quality, 
both able to make highest class carbon steels, but from a practical point 
of view, the resistance furnace is more adaptable as regards its raw 
material, and has the advantage of being very similar in general design 
to an ordinary Siemens furnace, so that so far as the metallurgical opera-. 
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tions are concerned, repairs, &c., an ordinary steel smelter could in a very 
short time manage the furnace as easily as a gas-fired Siemens furnace. 


In the present stage of development, neither type of furnace can be 
regarded as a competitor to either the Siemens or the Bessemer processes 
for the production of rail and structural steel, and can only compete suc- 
cessfully in the production of high class crucible steel or steels for ord- 
nance and other special purposes made in the Siemens furnace. In cases 
where very large steel castings are required of crucible steel quality, 
several electric furnaces, working so that they could be tapped into a com- 
mon receptacle, before pouring the steel into the mould, should give ex- 
cellent results and be much more economical than the crucible process. 
Under favorable conditions, electric energy might compete with gas as 
regards cost, but until it is possible to use furnaces of from 80 to 40 tons 
capacity, the extra labour charges inseparable from small furnaces will 
prevent them from holding their own against the Siemens or Bessemer 
process. 

MECHANICAL AND MICROSCOPICAL TESTS. 


The tensile tests of both the Kjellin and Héroult steels are given in 
tables I and II, and as will be seen they are all very satisfactory and are 
what one would expect from high-class steel containing different perceat- 
ages of carbon; the maximum stress increases with the carbon to abont 
0.9%, with a corresponding decrease in elongation and reduction of area. 
The steels were all heated to a temperature of 600°C., which is below the 
carbon change point, to remove any stresses due to cold working. It will 
be noted in the lower carbon steels that the elastic limit is exceptionally 
high, the ratio of elastic limit to maximum stress being 70% in No. 5 A, 
82% in No. 7, (658), and 70% in No. 9 (559). 


Automatic stress strain diagrams were taken for all steels, and these 
are reproduced, Figs. 27 and 28. The experimental charges which were 
worked in the presence of the Commission are given, and in addition a 

number of steels selected from the warehouse in each case. 


In the case of the Kjellin steels are appended also the results of a 
number of tests made by the Government laboratory at Stockholm (see 
tables III, IV and V), which confirm the results obtained at Cooper’s Hill. 


Photomicrographs of the steels from the special experimental charges 
are given, and also some photos of the high-class steel for comparison, 
(see plates XIV-XXII). The structures were quite normal, except that 
in the low carbon steels, the ferrite areas were exceptionally soft. They 
presented, no special features, and in fact could not be distinguished from 
crucible steels. It was not considered necessary to give photographs show- 
ing the various changes induced by heat treatment, as these were identi- 
eal with those occurring in ordinary steel. 

A photograph of some of the cold bending, welding and drifting tests _ 
is also given to show what tests were made (see plate DO.G 00D 
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Results of Experiments Made at the Royal Arsenal, Woolwich, to 
Test the Capabilities of the Steels when Used for Turning. 


The tools were all forged the same shape, particular care being taken 
that the tool angles were the same in each case. 

For comparison tests were made with similar tools forged from the 
best crucible steel used at Woolwich, known as grade “ A,” and also with 
tools forged from Mushet’s steel. The steel operated upon was untem- 
pered gun steel, containing 0.3% of carbon. Mr. H. F. Donaldson, the 
Chief Superintendent of the Ordnance Factories, Woolwich, under whose 
superintendence the trials were made, reports that the special steels sent 
were tried against ordinary Mushet steel, and also against Grade “ A” 
of their ordinary tool steel contract, at a cutting speed of approximately 
14 feet per minute. The material was not so good as the Mushet steel, 
and at a cutting speed of 19 feet per minute was useless, while the Mushet 
steel was working well within its capacity. As compared with grade 
“A,” the results show that, speaking generally, there is little difference 
between this and most of the steels experimented with. One peculiarity 
noticed in using the special steel as against the Mushet steel was an ex- 
ceptional tendency of the steel to build up a false edge from the material 
operated upon. This was more noticeable as the percentage of carbon 
decreased, and in one case, in which the carbon was 0.95%, this resulted 
in the additional force required to remove the material pulling up the 
lathe. Under identical conditions, grade “ A” showed no such tendency 
to build up a false edge. Although the electrical steels and grade “ A,” 
in their general behaviour gave practically the same results, in some cas.3s, 
although the amount of material removed per hour was the same, the 
former did not stand up to their work so well as grade “ A,” owing to the 
tendency to build up a false edge. If the column in table (VIII), marked 
“Reasons why Trial stopped,” be examined, it will be seen that the tools 
which show themselves equal in every respect to grade “ A,” contain 
over 1.00% of carbon, and the best results seem to be obtained with steals 
containing from 1.100% to 1.800% of carbon. The detailed results of 
the trials are given in the table, and with regard to those under the column 
headed “ Time of Run,” it must be taken that where the tools ran only a 
few minutes they were palpably done for, and were accordingly taken 
out. On the longer runs, the length of run when the material removed 
per hour is approximately the same does not necessarily mean that when 
the tool has run half the time it was only capable of doing half the work 
of grade “ A,” but that the tool was not behaving so well as the latter, and 
the run was stopped. In some cases, as will be seen from the table, the 
run was stopped for convenience, the test being considered to have de- 
monstrated that the tool was behaving satisfactorily, and it was unnecss- 
sary to continue the run. 

The steels experimented with are good of their class, but it is im- 
portant to point out, in view of the great improvements which have been 


86 


made in recent years in the production of high-speed steels, that this class 
of steel is being very largely replaced by the high-speed steels for turning 
tools. 


Steels forged into turning tools and tested at Woolwich Arsenal :— 


CABLE Val: 


KJELLIN ‘STEEL (FROM, GYSINGE: 


ae 5 5 
Tool No. | ce 5 Teena anen S = Material - 
or Fr ay _|Feed| © 28 | Worked | & 
eet per = Run kee a 
Reference Minute. Sa 8 2 Upon — 
— | Hrs. Min.) S!.S 
1 20 (1) 14° 10.1 10.25} 60 | 71.5 |*Gun steeli1. 20 
toed (4) ig O.1 (0.25) — 3 — 
14,40.) (1) TOOL TO eae LO 62.5 : 1.10 
« (2) LO HO Erte 2 blige 4 liane ‘ 
L700 .h) 13.6 10.1 310525) — 30°) |.,59).5 ef 1.00 
aN Ga 19 O.1 |0.25) — 2 oe ‘j 
0.90 (1) 14 0.1 0.25) — 10 Dan) x 0.90 
iI DVI LT ON LO SMOG Ly led Cotes RPGR) ltteers ‘ 
0.80 (1) 1. mae (02o OOM as SW RU nna es 3p 39 { 0.80 
a VG 2) 19 OL 0025) Lio as @ 
546 (1) 14... 0.1 (0.25) — 60: | 68.5 i 1.082 
« (2) LO MOST Oa a mein Oye tases ‘ 
Mushet 1}” Sq. 14 O.1510.. 25) — "40 105.7 se 
an WY 0.1 |0.25| — 60 82.75 E 
Grade A (1) 131001 1025) 4k ane Me oe7 ie VIESGh 
#94 2(2) 14. |0.1 [0.25] — 60 | 69.5 « “ 
Grade A 14” Sq. 19) Oe T0525) 1B 62.5 fe ‘< 


* 0.3 Carbon untempered. 
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TABLE VII. 
HEROULT STEELS FROM LA PRAZ, 
== = a 
Tool No. | Cutting cy Bo Maton 
ee BY. Time of | 37. pier a 
, ny) ie) Fab) 
or Beer bet - ee & ey Worked et 
Reference Minute eo Te Upon © 
A |Hrs. Min = i= 
400 H (1) Pea 07L 10.25), 230 2) .62. 5 1* Gua steel 30 
400 H (1) im OF 072522. Lf ext c 
400 H (1) dae 10 boi 25) Or 840 f “ 
400 H (2) Tay OVE D)0 S2 die Bo 82.6 e 
572 14 = =|0.15)0.25; — 17 LL i‘ 0.95 
660 H (1) T3-o (0.1.710.25) —--10",| 51.0 ‘ 1.016 
: (2) Bo lO. Oe 25) a BD) SS “ Gs 
Mushet 14” Sq. 14 |0.15,0.25| — 40 /105.7 “i — 
: EOP OS 2 Ole O08. 18275 ‘ — 
Grade A (1) 13. 0.1 (0.25) — 45 6227 5 1.385 
ae (2) 14 (0.1 (0.25) — 60. | 69.5 ‘ S 
Grade A 14” Sq. 19 (0.1 |0.25| —. 38 62.5 i . 
* 0.3 Carbon untempered. 
TABLE VIII. 
eee Reason trial Stopped. Remarks. 

1.20 No. (1) |At the end of one hour’s run......EH/False edge built up. 

1.20 No. (2) |Nose burned and rubbed away...N.E.|Cutting speed evident- 
ly too high. 

1.10 No. (1) |/Tendency to pull up lathe......N.E./False edge causing 
ragged cut, 

1.10 No. (2) |Nose of tool rubbed away. .....N.E./Cutting speed evident- 
ly too high. 

1.00 No. (1) jEnd of half hour’s run..........N.E.|False edge built up 
and trial stopped on 
this account. 

1.00 No. (2) Nose of tool rubbed away......N.E./Cutting speed evident- 

| ly too high. 

0.90 No. (1) |Tool not standing well........ N.E.|False edge built up, 


might have run a 
little longer, trial 
stopped forshop con- 
venience only. 
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TABLE VIII. 


—Continued. 


Tool No. 
or Reference. 


0.90 No. (2) 


0.80 No. (1) 


0.80 No. (2) 


400 H No. (1) 


400 H No. (1) 


400 H No. (1) 


400 H No. (2) 
572 H 

546 H No. (1) 
546 H No. (2) 


660 H No. (1) 
660 H No. (2) 


Mushet 1}” sq. 
Mushet 
Grade A No.(1) 


Grade A No.(2) 
Grade A 1}"sq. 


Reason Trial Stopped. 


ery ee ey 


Closing time 


creased speed 


Meal time 


Pulled lathe up 


End of one hour’s run 


ry eee te) 


Overtaxing lathe 


Shop convenience 


End of one hour’s run 


Shop convenience... . 
End of one hour’s run 
Tool done for 


Of 6, 0. pte) etre 


Nose of tool rubbed away....... 


Nose of tool rubbed away....... 


CORRES (comet Ines Vm eat Pet 


2: ep ey 818: 20.) 0) 5O 


Short trial only to see effect of in- 


1G ‘a0 fe G6 Kee) je ee 


o. V6) 6 Ve) (0 ue ces) Fe: Xe 


CAS OM OPO 


iS) Oe ey Vey eh eemiamie: ke. tolaa ee) 


ei oer Wet Yin he’ Peary Nate 


Pd swe Teele? Re ket elle ss 


ee key SY Pe ee 


‘Cutting well 


Remarks. 


Nose of tool rubbed away. .....N.E.J/Cutting speed evident- 


ly too high. 


|False edge built up. 


Tool might have gone 
on some little time 
longer. 


|Cutting speed evident- 


ly too high. 

Too! cutting well and 
speed raised to next 
test. . 


|False edge built up. 


Tool done for, cut- 
ting speed too high. 

Tools re-ground and 
cutting well, end of 
trial. 


False edge built up 


and lathe overtaxed. 


.|False edge built up. 
|False edge built up. 
.\Cutting speed evident- 


ly too high. 


.|False edge built up. 
.|Cutting speed evident- 


ly too high. 


. Cutting edge good and 


clean. 

Cutting well, edge still 
good. 

when 
stopped. 

Cutting well. 

Edge worn away, cut- 


ting speed evidently 
ae ma as 
NoTE—E means equal to our Grade A. 
N.E. means not equal to our Grade A. 
Analysis of Steel, Grade A. : 
C Mn Si is S) Cu Ce Tgstn 
1.885 — 0,250 0.148 0.017 0.009 0.015 nil nil 
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It 1 only claimed for the above steels that they are equal to the 
carbon crucible steels, and the comparison with Mushet’s steel was made 
to see uf they were in any way swperior to the carbon steels. 

The special properties of high-speed tool steels are due to the steel 
being alloyed with special metals, and to a particular heat treatment, and 
from a metallurgical point of view there should be no difficulty in making 
these special steel in the electric furnace. 


DIRECT SMELTING FROM THE ORE. 


The plant at Gysinge and La Praz was not in any way adapted for 
direct smelting, the furnaces in both cases being either steel smelting, or 
steel refining furnaces, and confined exclusively to this. It was only at 
Livet that we saw direct smelting carried on continuously for some days, 
on a scale and under conditions which permitted one to form a general 
opinion as to the commercial possibilities of the process. 

DIRECT SMELTING EXPERIMENTS AT LA PRAZ. 


At La Praz, although M. Héroult had no furnace specially designed 
for such a purpose, at considerable inconvenience to himself, he insisted 
on showing us what could be done in one of his small furnaces, commonly 
used for the manufacture of ferro-chrome and similar alloys. Only very 
poor ore, containing 35.5 per cent of iron and a considerable percentage 
of sulphur, was available, but this was smelted with suitable fluxes, and 
about 967 kgs. of iron made in about 16 hours. Considerable difficulty 
was experienced in controlling the grade of the iron, as a lump of reduced 
iron having become attached to the electrode greatly interfered with the 
working of the furnace, and prevented the complete reduction of the ore, 
with the result that white and mottled iron, with a ferruginous slag, were 
principally obtained during the greater part of the run. It must clearly 
be understood that this impromptu experiment has no bearing on che 
economic production of pig iron, and was simply arranged by M. Heroult 
to demonstrate to the Commission how, even under most disadvantageous 
conditions, iron ore could be reduced with the electric furnace. 


The composition of the ore, which was an odd sample which happen- 
ed to be at the works, apart from its iron content, was unknown; so that 
it was impossible to calculate the amount of fluxes necessary to produce 
a basic slag; it was largely this which delayed and interfered with the 
operation, as the charge had to be altered two or three times until a slag 
of approximately the right composition was arrived at by trial. 


The original charge was as follows :— 
100 kgs. of ore. 


8 anthracite . 
2, e lime. 
oats: fluor spar. 


During the working, 30 charges of ore, containing 1,062 kgs. of iron, 
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were made, and 13 taps of metal, together weighing 969 kgs., obtained. 
The composition of the slag varied considerably, but an average showed 
that it contained 7.75% of metallic iron. The following is an analysis 
of the ore used, and of the slag and pig iron produced :-— 


ORE AS RECEIVED. Pic IRON. SLAG. 
Moisture...) 0.565 | Total earbon 1.840 | Silica AZ ae 
Insol. Residue. . 18.980 | Combined carbon 1.225 | Ferrous Oxide 9.96 
Oxide of Iron— 50.100 | Graphitic carbon. 0.615 | Alumina.. 17.43 
Alumina not de- Silicon . 3.122 | Oxide of Manga- ; 

termined. Sulphur .. 0.274) nese. 3.70 
Oxide of Man- Phosphorus 0.023 | Lime 16.92 
ganese...... 1.490 | Manganese 0.210 | Magnesia 9.00 
Lime 3.000 
Magnesia 5.480 
Phosphoric aeid. 0.020 
Sulphur 0.189 
. Loss on ignition 16.540 
Silica 5.46 
Meta!lic Iron 30,00 


It will be noticed that the pig iron is abnormally high, both in silicon. 
and sulphur; and this is largely accounted for by the acid nature of the 
slag, and by the high content of sulphur, and low content of manganese 
in the ore. A good iron ore. will contain, as a rule, not more than 0.02 to 
0.04% of sulphur, but in this case the sulphur was nearly 0.190%, and 
about half of this has apparently passed into the pig iron. With such sili- 
ceous iron ore, one would have expected that the sulphur would have been 
low, but the conditions were abnormal, both as regards the composition of 
the ore and the slag, with the result that we get the curious combination 
of a pig iron with a very small percentage of carbon, high silicon, and high 
sulphur. 

The fracture of the pig iron was that of a very close-grained grey 
iron, and the surprising part is that it contains only 1.84% of carbon, so 
that as regards chemical composition it approaches nearer to that of a 
silicon steel than pig iron. This pig iron is quite abnormal, and may be 
regarded as an accidental product, as when working under proper condi- 
tions, no material in any way resembling this was produced, as will be 
seen from the results at Livet. The low percentage of carbon in the pig 
iron and the large amount of iron in the slag also show that the reducing 
conditions were very imperfect, owing to insufficient anthracite being 
mixed with the ore. 


DIRECT SMELTING EXPERIMENTS AT LIVET. 


The works of Messrs. Keller, Leleux & Co., at Livet, were the only 
ones visited by us which possessed an electrical installation especially ar- 
ranged for direct smelting, although the general type of furnace was 
very similar to that we saw elsewhere used for the manufacture of ferro- 
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silicon or ferro-chrome. The furnaces at Livet are used sometimes for 
the direct reduction of iron ore, and sometimes for the production of ferro- 
silicon or ferro-chrome, according to the requirements of the firm at the 
particular time. 

From the diagraimatic sketches (fig. 29) in sectional plan and eleva- 
tions, it will be seen that two or more ordinary furnaces with vertical elee- 
trodes are connected by a central well, and the current flows to and from 
each furnace through the vertical electrodes a and b. Preferably four 
hearths are connected, arranged so that the metal, as it is reduced, flows in- 
to the central well, from which it can be tapped into pig beds or a ladle to 
suit the particular requirements. If four hearths (ccec) are used, they zan 
be divided into two groups, which are connected with each other in serixs, 
the two hearths forming each group being connected with each other in 
parallel. In such an arrangement the electric current will be broken 
during casting, when the well is emptied of its contents, and this would 
not only interfere with the working of the furnace, but also with the work- 
ing of the electric generators. To avoid this, the soles of the furnaces 
are made electrically conductive, and are connected with bars of cop- 
per (e), which connect hearths of opposite polarity in the manner shown 
in fig 29. As the flow of the current through the fused material Je- 
creases during casting, it flows through the soles of the hearths and coa- 
ductors (e), and increases in direct ratio with the fall of the current in 
the fused mass connecting the hearths; and finally, when the hearth is 
emptied, the entire current flows through the conductors (e). 

After casting the fused metal again collects in the crucible (d), and 
remakes the broken circuit, so that the current again begins to flow 
through the fused mass. These short connections prevent any irregularity 
or great variation in the distribution of the current, and for this arrange- 
ment at least two furnaces are necessary. In the event of the metal 
becoming chilled in the central well, it can be heated by a subsidiary 
electrode, (h), to the required temperature for casting. The furnace in 
which the first experiment was conducted at Livet consisted of two 
hearths connected by a well. Before commencing, it was necessary to 
place in the current the recording wattmeter brought from Paris by the 
Commission, and this necessitated considerable alterations, and the fur- 
nace had to stand for 12 hours before the connections were re-made. This 
so chilled the central well that the metal set in the lower portion, and it 
was impossible to tap it, as the subsidiary electrode for heating it had sot 
been installed. We therefore tapped the two furnaces independenily 
from a tap hole in each, just above the sole of the furnace. 

The method of working was as follows. The iron ore, flux and coke, 
broken so that all would pass through a 1.5 inch ring, were mixed on the 
floor, and then charged into the furnace in the annular space between the 
electrode and the walls of the furnace. The heat generated by the cur- 
rent rapidly raised the temperature, and enabled the carbon mixed with 
the ore to reduce it to the metallic state, and as the temperature rose the 
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metal fused, and collected on the sole of the furnace. It was tapped out 
about every two hours. Had the well of the furnace been available, the 
metal would have been allowed to collect in this until it was full, and con- 
sequently the tappings would have been less frequent, the frequency, of 
course, varying with the capacity of the well. 


The charging of the furnace was done entirely by hand, the materials 
being discharged from an overhead staging through a shoot onto the fur- 
nace platform, and then charged into the furnace with a shovel. Two 
men™* were able to keep the two furnaces full, the materials being added 
continuously during the whole process, so that the furnace was always 
kept full to the platform level. The waste gases were allowed to escape 
and burn at the top of the furnace and no doubt a distinct economy would 
be effected if the furnaces were made deeper than those at Livet, so that 
a longer column of descending materials would be able to absorb more 
effectually the sensible heat of the gases. There was one experiment made 
in these furnaces, lasting 55 consecutive hours, and a second lasting 48 
hours, in two furnaces similarly designed, but without the well. All the 
materials were weighed in, and the weights checked by myself or some 
other member of the Commission, but the amount of material in the fur- 
nace and on the furnace platform at the commencement and end of each 
experiment had to be estimated; this may have given rise to some slight 
error, either for or against the process. To arrive at absolutely accurate 
figures it would be necessary to run for several weeks, so as to distribute 
any such error over a larger output. The pig iron and slag produced 
were weighed at the end of each day’s operation, and as the percentage 
of iron has been determined in the slag, we have a very good control when 
this is added to the weight of pig iron obtained. The pig iron was cast 
in horizontal cast iron moulds similar to those used for ferro-silicon. The 
following are the analyses of Up ore, coke, and fluxes used during the ex- 


periment: ene 


Ones Dein ORE AS UsED 
IN THE 
ATO Or EXPERIMENTS 
DTLLCCOUS PeSLUMe Un oe rae bee eae ey emer 3.980 3.582 
Peroxide Ghivon7 he) Osere nie wee a teach 77.140 69.416 
Protoxide ofiron Peo nats eae | nil nil 
AN PTR TEE dee ie rere Oke ok ea coe | 0.600 0.540 
Oxide of Manganese MnO tee AER EA eee 4.600 4.140 
TTP OE RET el Cee et ae her hehe tae liomens Je 1.3800 1.160 
Magnesia ts \--abeneerer tact se fare aye ieee eee 0.890 0.801 
Sulphuric ACIS Oy Ree eer cS. eos OReae oie 0.057 0.051 
Phosphoric, CA cigs te try tebe ts okie O.027 0.024 
Loss on ignition at red heat........... TT OO 9.990 
MoiStiire na fo cue ete. Peete ree TO. C00esre 
99.694 99.704 


*My recollection is that only one man was employed to charge the furnace.—E.H. 
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Pee PMC ON. so os to. 54.100 ER OTE Ae Le eres et ENE 48.690 
PS PUOLUS 2000 0 6 gos 0.012 EHOSPNOTUShaee net Mts 0.011 
ALOU ae Sa eet ar 0.028 ROLIEEOL MUO) Maley Soetoro ears 0.020 
CEA ee ala 3.000 DLC ase cee en ee 2.700 


Several determinations of the amount of moisture in the ore were made 
at the works, and these gave an average of 10%. The sample, when ex- 
amined in London, gave 8.20%, but as a small quantity was taken out of 
each barrow load charged during the three days’ working, and this had 
to be kept in the works, it would certainly lose some moisture before it 
was crushed up and placed in an air-tight box for transit :— 


COKE LIME QUARTZ 
l 
Ash.......... POO Nica a ye (G25 Giles gies S- 78.02 
paphur 6. 6. Dimes aimee. 2. . 08.100\Lamé. 2 oe... 3 11.56 
Vol. Matter. ... 0.710 Alumina and ox- 
Fixed’Carbon.. 91.152) ide of iron... 0.453 
Magnisia ..... 0.730 
Phosphorus. . . 0.007 


The points to which special attention was given during our investiga- 
lion were :— 


1. The output of pig iron for given consumption of electric energy. 
2. The yield of metal per ton of ore charged. 
3. The quantity of coke required as a reducing agent. 


4, The quality of pig iron obtained, with special reference to its suit- 
ability— 


Peis 
(A.) For steel manufacture. (1) Bessemer or Siemens acid 
process. (2) Bessemer or Siemens’ basic process. 


(B.) Pig suitable for foundry purposes. 


FIRST EXPERIMENT. 


19th, zoth and 21st March. 


We commenced to charge at 4 o’clock in the afternoon of the 19th 
of March, and the first tap of molten metal was made at 6 o'clock. Atter- 
wards the furnace was tapped regularly at intervals of two hours. The 
total number of taps was 28, and the experiment was continued for 90 
consecutive hours. 
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The following are the details of the materials charged :— 


Weight of mixture in the furnace and on 
the furnace platform same as 9 sub- 
sequent charges. 


2946 x 500 


March 19th.... Ore = ee 
690 
Charge : 

Ore— 500 Ist charge........ ON: 
Daal ia iaits ane pee ante ates 

Cokes 2 lO0Re 3rd ie time coe eee acres 
AiR ES hawt ieee a Senne pete 

Laer a OU 920 tiie ee sere a ieee te 
GURUS Cy oe, ee say ne ea 

Qu etz. 22 SOR PTE ao) ea ean 
ele) | Wonca aA emer abate 

Oia ce its baci vr Sa at 

Ore 20x, DOU meee ee ew aie 


March 20th. 
10th charge 


6 By i ia Weegee Paneer es a ce ig ost 
LOE SSS SE ere ton 
Ge aia tities 
PAT) he bsitiee eee ce oeleteed ence 
ES lc A ORR AO edahies feign Pe 
LGC otic Se hr ee nen ts 
Ore sees O0SL sd eae oe cee 
PSC ea eae sae ee ae 
Coke 2500 a Dulin (eth ent Lge ena 
DOES CRAs oat ares ees eins 
limes 380 21St.s se ee ake ene 
BQN) aiierki orb bern nae cobasp 
Qtiarhz—— 102 ore isan an Pere 
ACIS CM aaa 6 ced, een oe 
Ores 15 8x0 500. a eae 

March 20th. 
Ore— 500 25th charge. 2... 220.5%. 
GIG ERE gs Goh ie x gs cas segs enna 
Coke==+905Oi these be oc eae ae 
Ped Hie ahs RARE ak Gh Sule tn 
dame 980) 2O Ghee ere: Cs rma 
DOTY Se eee. hv eee 

Ore=6 x 500 


Oo OR Ob Ob TOF CARESS: Sere! ig te 


w, lea Wey Ook ef) 6! eh ene eeu eure 


Weight of 
each bar- 
row load 
charged 
Kegs. 


[csoe ge Pie Ri Bice Lise 


0) (er eier 67 <0), “exces 


9 <6 ee le: Se. 8 5) 


Weight of 


Total 


ore weight of 
charged charge 
Kgs. Kgs. 
2134 2946 
ruby pasaneles 6210 
4.500 
= lteter 9870 
7500 
Me toe: 3720 


Weight of | Weight of Total 
each bar- ore weight of 
row load 
charged charged. charge. 
Kegs. Kes, Kgs. 
DEOMONRE LOU) ot are hs 17134 | 22746 
March 21st. 
+ BSCR C hah Cet foment Ne teary. edt) 
: PATS dct ins Be mate 2 lr ene 620 
MOL gee ed ene s.: 620 
2 el Es tet sce lie ee a aR 620 
Cy ei eee tre Me ese ac a lie Woe 620 | 
COL Meets call rr RE Pie ea eer 620 
appr eos 4)8 ek kes ee epee OA Oat ag Senate 4340 
ORs Th GT UU EAS ie oe ierrsignet i einer 3500 
5 20634 27086 
There remained at the end of the Total weight of ore mix- 
Operation on the furnace top :— Gre, PEC DAC R A... 6. 27,086 kgs. 
: Weight of mixture re- 
3620 kgs. of the ore mix- maining unused at 
ture corresponding to : end of operation. ... 3,620. “ 
Weight of the mixture 
600 3,620. 5 actually charged into 
aug 620 Ts the wurnace........20,406— © 
These 23,466 kgs. corrresponding to total quantity of 
LR UY a OG 8 > Neem ara Sa 17,715 
Moisture spout LO At 2. .cce. Lei? 
PeMAIn OO UL Olas ra a eityes 6.0 ee 15,943 


Say Fe=0.541 x 15,943 = 8,625 kgs. 


Weight of Metal and Slag Produced. 


Dates. Metal. Slag. 


19th March : 2,021 600 
Both * 3,991 691 
21st s 3,356 734 

Total. 9,868 2,025 


The first iron made was very grey and siliceous, and gave the follow- 
ing analysis :— 


, No. 1. 
Lotals cashes PAE SRE SY Ses 4.00 
Silicon..... Sad ear al emg ee She 
Man paneseMone- Age, ct. 24, oe eae 4.10 
EOS NOL UCM ae es ayes ae +. 0029 
NEA) BV Dae sh Cae err eae 0.007 


An average sample taken from all the grey iron made during the 
three days gave :— 


No. 2 
PotaletGarion etueaan ear cee ne ees 4,200 
GCompmedtcarbon aes net eee 0.800 
(aha phiteeetese Shae ee Shame ten conta 
Bili@on seks e ee et aa oe ei ote oer 1.910 
‘UNM C1 EN) Veaeeaver rare cies tan eee 8 hk 0.007 
Phosphorus: 2202.2 agian es 0.027 
Wien Ganese cet hin . eege meee 4.300 
BAUS OTC Sstetee is Wikoc cs eae oman enn Trace 


In a trial previous to our arrival, with the same ore, but with a larger 
proportion of carbon in the mixture, M. Keller had obtained an iron con- 
taining 8.0% of silicon, and 6% of manganese. From the appearance 
of the fractures of the irons made during the first twelve hours, it was 
anticipated that they contained far more silicon than they were after- 
wards found to contain, and it was deemed advisable to alter the ore mix- 
ture. This was changed by M. Keller, on the 20th of March, the amount 
of ore being kept the same, but the coke and fluxes reduced. The iron 
still being grey, and having a very siliceous fracture, on the evening of 
the 20th the quartz was removed from the charge to obtain a more basic 
slag, and on the 21st we began to get a white iron. The furnace worked 
somewhat cold from the commencement of the experiment, owing, no — 
doubt, to its being greatly chilled by standing for twelve hours while the 
alterations in the electric connection were made; a somewhat large excess 
of carbon added led to the production of a considerable amount of free 
graphite in the furnace, which partly choked it. When, in addition to 
the coke being reduced on the 20th, the slag was made more basic by ihe 
removal of the quartz from the ore mixture, the slag became very infus- 
ible, and a white iron was produced, and at night it was decided to stop 
the experiment. The following is the analysis of the pig iron produced 
_ on each day :— 
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_| No. 3 GREY IRON |No. 4 WHITE IRON No. 5 WHITE IRON 
BAe. Average Sample | Average Sample Average Sample 
of Iron made on _ jof Iron made on the] of Iron made from 
the 19th and night of the 2Uth | the last four Casts 
20th March. and 21st March. on 21st March. 
eMeniecarbon..c.. 2s... .. 3.930 . 4.050 | 4.140 
Combined carbon ...... iO) 3.960 | 4.020 
tLe Se 2.720 0.090 | 0.120 
ONY Wer dacs Sn ch aks 1.421 0.699 0.559 
NOU yee Aisa g 0.003 0.007 0.007 
MOS HMOLUS co... 4c..% 0.029 0.024 0.023 
PROMOABOSe 0 5, 4.000 | ah OO 0% 3.880 
SS USLENT TT Gh RE Mie iipge cea Trace Trace | Trace 


An average sample of the slag taken over the three days’ working 
_ gave the following analysis :— 


SUIDICE Ee ogg a a 39.02 
Trongandsaluminay 02 oto ats sve 8.04 
Oxide of manganese (Mn. O.).... 5.72 
EST) Ory reg ws neyo fase ey Lk 41.80 
INE OMCs ce. 3.00 
PEDO PUBMCLACiam ie Fem ety, 2: Nil. 
EEE Hiutiemmennee tat Mn Seeernebnne’s OU | 1.22 
ULI S ae en Re hoe Not determined. 
UNO EN Seater Rak? oe” Seca 98.80 
VPC EOL Cui come meee One tee Ls 0.80% 


The weight of pig iron obtained was 9,868 kgs., and the électric 
energy consumed 5.15 E.H.P. years, equivalent to 0.475 E.H.P. year per 
2,000 Ibs. of pig iron produced, which, at $10 per E.H.P. year, is $4.75 
per ton of 2,000 lbs. 


The total amount of dried ore charged was 15,943 kgs., containing 
54.1% of iron, and therefore the total metallic iron in the charge was 
54.1% x 15,948, equals 8,625 kgs. 


It is extremely difficult to obtain a sample which will give an average 
of the impurities in the iron made over a series of small charges, as unless 
the weight of each sample taken is in exact ratio to the quantity produced, 
wrong conclusions may be drawn; thus, if a larger piece were taken from 
the white iron or the grey, this would make the silicon higher or lower, but 
in view of the fact that about 45 out of the 55 charges were grey iron, and 
silicon varied from 8.7 to 1.4, the average analysis of the pig iron mad 
may be taken as :-— . 


Carbon. ac. eee ee eee ee ceo 4.100 
DUGG gale this mes Wo a ces 2.500 
Mangpaimteser.c icici ner r te tile 4.300 


giving a total of 11.0% of impurities, with the phosphorus and sulphur; 
therefore, every 1,000 kgs. of pig iron contained only 890 kgs. of metallic 
iron, so that, theoretically, it was possible to obtain from the ore charged 


8625 x 1000 
890 

As the amount obtained was 9,868 kgs., there were 177 kgs. more iron. 
than the quantity charged. It is quite possible that the impurities in the 
pig iron were more than 11.0% (M. Keller estimated them at 11.5%), and 
that the amount of material left in the furnace at the end of the operation 
was slightly over-estimated. In any case the results show that practically 
all the iron charged was reduced. - Converted into tons, we get 10.87 tons, 
or 21,749 lbs., that is 390 lbs. more than should theoretically be obtain- 
ed. The complete reduction of the iron is confirmed by the analysis of 
the slag which weighed 4,465 lbs., and contained 36 lbs. of iron. 


- Before considering these results, either from a metallurgical or econ- 
omical point of view, it will be better to give the details of the second ex- 
periment. 


= 9691 kgs. of iron. 


SECOND EXPERIMENT. 


The special object of this second experiment was to confirm the pre- 
vious results, and also to determine how far the grade of iron could be re- 
gulated by altering the ore mixture, or by increasing or decreasing the 
electric current; in other words, how far the process was under control, 
and the different varieties of pig required for steel and foundry purpossas, 
varying from 0.5% to 3.0% silicon, could be made as desired. 


We commenced to charge at 12 noon on the 23rd of March, and work- 
ed until the 25th at noon, 48 consecutive hours. The first tap was made 
14 hours after charging, and there were 32 taps. The furnace used con- 
sisted of two furnaces connected electrically, and identical in all respects 
with the furnace used in the other experiment, except that there was no 
well, and the connection between the two hearths was by means of a chan- 
nel at the bottom, through which the current could flow. Each hearth 
was tapped at the same time, and the metal cast into horizontal iron moulds 
as in the previous experiment. The following are the details of the charg2s 
during the 48 hours working :— 


Taio bf A 
Weight of Materials mixed and taken it ances, Weight of | Potal ee 
to Furnace before starting. of mixture. ous Ore Mixture. 
Kegs. Kegs. Kgs. 
March 28rd. 
On edb BOD 
[OS OR EME Se 3 985 1,245 
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Brought forward.... 


Ore = 20 x 500 


Charge 
ene 525 lst.) eharge.-. 4. 
Coke 95 2nd a 
Lime iss ord ie 
ess event . 4th us 
ee 525 5th e 
Coke 95 6th a 
Lime 20 yong y 
MP io a es 8th di he 
Ore oe eco... see 
Ore t .:. 525 9th charge) 1330 
Coke 95 9th : 24.0 
Penienc. . 20 Sth : 50 
Fluor spar. . 7 9th a 88 
oe 1708 x 525 
647 
March 24th. 
OE ke 500 10th charge.... 
Coke 95 Leet ae 
Lime 20 bd vee maa 
13th es 
14th He 
ies, 3. 900 — 15th charge... 
Woke... Poze se 6th. 0°" 
fime>.... . 20 ie ons 
18th a 
LO thas 
20th is 
Wren... 500 21st charge 
SO Re > | foes ends 
Tames. jc: . 20 DOT as 
24th ty 
Poth? oa 
26th . 
March 25th. 
27th charge. . 
28th i 
DOE ys 


Weight of 
each barrow 
of mixture. 
Kegs. 
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Total Weight 


Weight of 
Or ie 
re Mixture. 
Kgs. Kgs. 
985 1,245 
Rit ae eee 2,540 
Bates econo 2,560 
4,200 
| 
ee a Sata Lea 1,708 
1,386 
SATEEN Se 3,075 
allan Ponte! 3,735 
ee eo et 3.100 
ee ees ey: oS2.0 
10,000 
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There remained at the end of the opera- | Total weight of ore mix- 


tion 1636 kgs. + 1200 kgs. (in fur- ture prepared...... 20,511 
nace) of ore mixture corresponding | Weight of ore mixture 
‘ unused and in the 
Deas OY kgs. of ore. furnace at the end of 
wea OPeravion,. 2c gee 2,836 


Weight of ore mixture 
TSOUas aces oes are 17,657 


Thus 17675 kgs. correspond to total quantity of 


OK = 100 2260 ee ee 14311 kgs. 
Moisture:sboutt? / tas 0 one. haw, Sree 1001 
Remainder? (iryqone. acs res rman ear 13310 


Say Fe=0.526 x 13310=:7.000 kgs. of iron charged. 


PRODUCTION. 
DATES. METAL. SLAG. 
March 24Gb ins err iene Giese) | 3,242 1,405 
Maren 2 oti ew seared 3,450 1,106 
Potent eae | 3 5605) eg eee 


The ore used was the same as in the first experiment, but on analysis 
of an average sample it was found to contain about 1.5% less of iron. A 
determination of the iron and siliceous residue on the dried ore gave the 
following results :— . 


Bllle@sOus residence yg ioe ete eee ee ee 61 102% 
Péromde- ot muon (Neat eyo. ce cen eon Mo AAs ee 
Protos de Oeeiron >< ae ane eens Uaueenceana Nil. 

Metallic-1rdmiew.. 2124 ies eee ee eee ae ee eae 
2 ehh iver: Meare). Anema wie etek MOR wah. 5 Le: ASA Gas 
Mpistire an Oren... pale ae ee eee be Oates 


The moisture in the ore varied very much, some ore being so wet that 
it was necessary to dry it before charging into the furnace. From deter- 
minations made at the works, I consider 7% about the average, as the 
samples taken during the three days’ working would necessarily lose a 
little moisture, as they were exposed in the works until the whole of the 
material was charged. 
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No. 6 GREY IRON 


Average Sample from the First Three 
Casts on 23rd March. 


Total (CEEWEOYS) al im eh eR ee 


No. 7 WHITE IRON 


Sample from Each Cast from 6 o'clock 
on the 23rd to Thursday noon the 24th 
Mixed to give an average Sample. 


B.00eme hOtal WaernOner ds 4 cm 3.030 
Combined Carbon....... 5:4) Combined’ Carbon) 303. 2.700 
‘Graphitic Carbon........ =U85 ||-Graphitic Carbon. ./. 0.330 
BC OM Serene ear eic Toc Se 8 POETIC ON is 2 fae ae Jr eee 0.699 
SST ACO aaa OQOOS Sul pittics.00.s bora a ce, 0.157 
POOSPMOLUS Ss ity Soles. OG 2 Oa PHOS NOLS: ato ote 0.028 
PIO ese mee whet fay ues HAQ0 |e Manganese, pete 1.500 
OR CIN(S GTS) Sear ee eee Trace || Arsenic... ... he pag ere a Trace 


No. 8 WHITE [RON 


Average Sample of the Iron Made from | 


Thursday noon to Thursday midnight. 


No. 9 MoTTLED IRON 


Average Sample of the Iron Made from 
Thursday 24th midnight to Friday morn- 
ing the 25th at 10 o'clock. 


otal eCarbon ie. of. : S450 seVotalscar boner. isis oe 3.510 
Combined Carbon....... 3.260 || Combined Carbon ....... 3.294 
Graphitic Carbon........ 0.19041) Graphitic Carbon, ...5.". 0.216 
PSU CON eft k esse (AGG OLN COL 25 ea ants O17 22 
“OUSEUISE TE Shae are erent OPO S20. POULORIIT sth eeu oe 0.054 
MeVOeDMOLUS 6s Pek 2a wha (:030alh Phosphorus..«. sy ses: 0.029 
PIANOS ESO . Yo T 8 Tei2 Oui eta oanese -iiin geo scat: 3.300 


The following are the analyses of pig irons produced during the ex- 
periment :— 


No. 10 GREY IRON No. 11 VERY WHITE IRON 


Sample of Last Cast Made 


Taken from Cast at Midnight the 23rd. 
on Friday noon. | 


More Garbon.. . 6s ei 3% 2 OO ma Loud mar DOtses yes cee ata 2-20) 
Combined Carbon.... 1.210 {| Combined Carbon:....... 2.560 
Graphitic Carbon. 2.660. || Graphitic Carbon....... 0.160 
“OTL 0) Se DIB NeOUIC ONE: sven cs ed eee 0.16: 
“SOLO Cg eile ae 0.016 | Sulphur......... ..+--5 0.250 
E DOI DMOTUS. .\. au. 0.031 || Phosphorus .......+-+--. 0.026 
PIMOATIOSE S55 so! yt 3 2.590 || Manganese........-.-+-- 0.210 
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No. 12 VERY WHITE IRON 


Sample of the First Two Casts after 
Midnight 23rd of March. 


Total Cation d. sau) se dae: 2.850 
Combined Carbon. ...... 


‘Total Carbon 


No. 13 GREY IRON 


Taken at 2 O’Clock on the 25th, the first 
tap after Experimental run Finished. 


6. 5) [Sy 269 10 | 9860) 0 9) te 


Combined Carbon; 2332. ; 


Graphitic Carbon.... Graphitic Carbon 


STRICOM: gree an ae aang, OVE SOUS INCOR est eit sree ee 2.160 
SOlphures ie | Meee 0.2 DOS tip Mur Sea een: ean 0.025 
Phosphoriss ican ete, 0.027||Phosphorus: 2.05255 een 0.027 
Manganese. = 6 0 oie mie 0:1 40) Manganese. <5. eo. te 


A piece of slag was taken from each cast and the whole mixed to- 
gether to give an average sample. The analysis was as follows :— 


no} AE Cer: hae one Pn Oakey or” a RIEL sti Goat 39 .140% 

Oxide or 1moneancea imines, chee eee 11.380 

Oxide of mmanganeses:4 5) ene eee 12.070 

A Bibi V- eae tee pe Creed ekg aa aca Brey Se tea Bee ene 32.400 

Macnesia dsc lee. 3 a0 eee ee ene a ete 2.800 

‘Phosphoric acid) 2.222 es ea ee ee eee Nil. 

Sil phar oy. Ve ae: FN oye eee gee Ace ee 1.056 

cA Nea Viegas tren eins 5 uate arn Not determined. 
Dos rH ena re eee ee ae ENR sa gtr) On Ie Ra 98.846 

Nietallics ton ets. 3c eee eae ees ees 1.200 


When the very white iron was being made, the slag was of a very dark 
colour, and a sample of this ferruginous slag gave, on analysis :— 


% 
Oni tae ee 3.05 
Silica 45.22 


On comparing the above slag with the average sample from the first ex- 
periment, it will be noted that it is far less basic, the percentage of lime 
and alumina being much lower, and in the case of the ferruginous slag, 
the silica much higher. 


The weight of pig iron produced was 6,692 kgs., and the electric 
energy consumed 1.66 E.H.P. years; equivalent to 0.226 E.H.P. years per | 
ton of 2,000 lbs. of pig iron. 


On reference to the details of charge in the second experiment it will 
be seen that the total amount of dried ore charged was 13,310 kgs., con- 
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taining 52.6% of iron, therefore, the total amount of metallic iron in the 
charge was 52.6% x 13,310, equals 7,000 kgs. 


As the greater portion of the iron made was white iron, the silicon, 
carbon, manganese, &c., were very low, the silicon, with the exception G 
the first ange casts seal the last cast, never exceeding 0.722%, and for a 
considerable number of casts being about 0.180%. We may, therefore, 
assume that the average composition of the pig iron made during the ex- 
periment would be as follows :— 


Jo 
Carbotseoe tie. 3.00 
LLCO wee ee ew 0.70 
Manganese ...... 1.50 


giving a total of 5.20% of impurities; therefore, every 1,000 kgs. of pig 
iron contained only 948 kgs. of metallic iron, so that, theoretically, it was 
possible to obtain from the ore charged ee = 7384 kes. of iron. 

The actual amount obtained as pig was 6,692 kgs., and about 30 kgs. 
passed into the slag, which leaves 662 kgs. unaccounted for. During the 
experiment, to improve the working of the furnace, side plates to increase 
the height of the furnace were fastened on, and this made it extremely 
difficult to estimate the amount of ore mixture left in the furnace. Dur- 
ing charging a certain amount of the material fell to the ground between 
the staging and the furnace and it was impossible to recover this while the 
furnace was in operation. The ore, &., &c., was conveyed to the furnaces 
by overhead shoots, and there were no means of getting barrows on to the 
furnace platform to remove the unused material and weigh it, so that this 
had to be estimated at the end. 


It is probable that the low yield in this experiment is due to under- 
estimating the materials on the platform and in the furnace at the end of 
the experiment, in the same way as the higher yield in No. 1 experiment 
was probably due to over-estimating the unused ore mixture. ‘To arrive 
at accurate figures, it would be necessary to run for several weeks con- 
tinuously, so that errors of this kind could be distributed over a consider- 
able output. If the two experiments are taken together, the amount of 
iron unaccounted for is less than 3% of the total iron charged, and as the 
conditions were such that volatilisation was out of the question, there 
seems no doubt that in the production of white iron the whole of the oxide 
of iron charged, except the small quantity found in the slag, was reduc- 
ed; and that when producing a similar class of iron the reduction in the 
electric furnace is as complete as in the blast furnace. 


EXPERIMENT WITH CHARCOAL. 


After the second experiment was finished, a few charges were made 
in which the same ore mixture was used, except that the coke was replaced 
by charcoal. These charges, however, did not work very satisfactorily, as 
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owing to the ease with which the charcoal oxidized, a large portion burnt 
away on the top of the furnace, long before it got anywhere near the zone 
of reduction of the furnace. M. Keller is of the opinion that charcoal 
could be used provided it were first briquetted with the ore, and the 
briquette broken up the size of one-inch cubes. I agree with him that 
probably charcoal could be used in this way, and in all probability, if thus 
intimately mixed with the ore, there would be comparatively little loss by 
oxidation on the top of the furnace, and the charcoal would do the work 
of reduction efficiently in the furnace. 


QUALITY OF THE IRON. 


The greater part of the iron made during the first experti- 
ment was very grey, and contained’ a_ considerable percentage 
of both silicon and manganese. Some of the casts towards the end 
of the experiment were white iron low in silicon, but contained a very 
considerable percentage of manganese. All the iron made was low in 
phosphorus and sulphur. If we consider the analyses of sample No. 2, 
given on page 96, as representing an average of the three days’ working. 
this would be an admirable iron for either acid Bessemer, or acid Siemens 
steel manufacture, if it were not for its high content of manganese. The 
same remark applies to sample No. 3. For many purposes, No. 2 would 
give good results in foundry work, but here again the manganese is higher 
than is necessary or desirable. Manganese for acid Bessemer or acid Sie- 
mens work is not only objectionable as causing excessive waste, but very 
seriously fluxes the lining, and so increases the cost for repairs, and, in 
fact, this iron could not be economically used alone. The high percentage 
of manganese, however, may be regarded as accidental, owing to the ore 
used containing a considerable percentage of oxide of manganese, and 
there would be no difficulty in producing a similar pig iron low in man- 
ganese from a non-manganiferous iron ore. It will be noticed that all the 
pig iron produced, whether white or grey, is extremely low in sulphur, and 
how far this is due to the manganese present it is difficult to say, as it is 
well known that manganese acts as a desulphuriser under similar condi- 
tions in the blast furnace. 


Pig irons Nos. 4 and 5, containing from 0.6 to 0.7% of silicon, would 
be splendid pig irons for basic Siemens work, provided the manganese were 
2% instead of 4.0%. It will be seen that all the phosphorus present in the 
ore has passed into the pig iron, which is exactly what occurs in the blast 
furnace, so that a phosphoric or non-phosphorie pig iron can be produced 
at will by selecting a suitable ore. Pig irons similar to Nos. 4 and 5, if 
made from phosphoric ores, would do admirably for basic Bessemer, apart 
from the unnecessarily large percentage of manganese. 


Although white and grey iron had been produced during this experi- 
ment, I was not quite satisfied that the grade of iron could be controlled 


——— oe a4 
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and varied at will, and consequently it was decided to make another ex- 
periment. 

In this second experiment it was arranged that al! grades of iron. 
from grey foundry to white, and suitable for acid Bessemer and Siemens, 
and also for the basic process, should be made. 

The first two or three casts were gray iron, but this rapidly changed 
to mottled and white, and then finally came back to grey. During the 
night of the 23rd of March, the slag, which was very siliceous and ferru- 
ginous, became very infusible, and to increase its fluidity a little fluor spar 
was added, and the lime was increased. ‘This had the desired effect, but 
the slag was still somewhat infusible, and the iron very white,and remained 
so until the fuel was increased, when more silicon and manganese were re- 
duced and passed into the iron, which gradually became greyer, and to- 
wards the end of the experiment, a good grey pig iron, with over 2% of 
silicon, was obtained. On examining the analyses of the iron, it will be 
noted that as the silicon, graphitic carbon, and manganese decreased, Le., 
as the iron became whiter, the sulphur rapidly increased; and as the sili- 
con, graphitic carbon, and manganese increased in the pig iron, towards 
the end of the experiment, the sulphur decreased. 

No. 6 pig iron, from the first three casts, was a good foundry or acvl 
Bessemer iron, but No. 7, although containing 1.590% of manganese, was 
very high in sulphur, owing, no doubt, largely to portions of the charges 
represented by analyses Nos. 1] and 12, being included in this average 
sample. Samples 11 and 12 are exceptionally low in silicon, much lower 
than' would be made in ordinary practice, and the conditions favorable for 
the production of such an iron undoubtedly favor the absorption of sulphur 
by the metal, especially in a case like this, when no manganese was reduc- 
ed and passed into the iron. Assuming it were possible to produce regularly 
a similar iron in the blast furnace, there is not the least doubt that the sul- 
phur would be equally high, if not higher, unless special precautions were 
taken to ensure the reduction of a considerable amount of manganese. 


In ordinary blast furnace practice, it is extremely difficult to produce 
pig iron even with 0.5% of silicon and 0.04% of sulphur, unless manganese 
is added to the charge and reduced, and as the silicon decreases, the sulphur 
increases, and apparently the same is true in the electric furnace. It was 
only on the night of the 23rd that the very high sulphur iron was made, 
and if we look at the analyses of samples Nos. 8 and 9, representing the 
average analyses during the next 18 hours, we find the silicon, graphite and 
manganese increasing, and as these increase the sulphur decreases, ‘1ntil 
in sample 12, we have a very low sulphur iron. One necessary condition 
in the blast furnace for the production of low silicon and low sulphur pig 
iron is to have a basic slag, and one reason why manganese is beneficial is, 
that apart from any direct action as a desulphuriser, it increases the fluid- 
ity of the slag, and so permits more lime to be added to increase its 
basicity. | 
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It'is clear from the analyses, that ‘an iron suitable for acid Bessemer, 
or foundry purposes, containing, say, 2.0% of silicon, and under 0.02% . 
of sulphur, can be produced, but it is not so apparent, from the analyses, 
that an iron suitable for the basic process, with 1.0 to 0.507% of silicon, and 
0.04% or less of sulphur can be obtained, although samples Nos. 4 and 5, 
in the first experiment, show that this is the case when manganese is pre- 
sent. 


So far as these experiments go, they seem to show that the quality of 
the iron produced in the electric furnace depends upon maintaining the 
same conditions as in the blast furnace, the only difference being that you 
are using electric energy instead of the direct combustion of carbon to 
produce the necessary temperature. 


Thus, in the blast furnace, with a light burden of ore, i.e., a relative- 
ly large percentage of coke, a grey pig iron is obtained, high in graphitie 
carbon and silicon, and generally low in sulphur. As the amount of coke 
in the furnace is reduced, the graphitic carbon and the silicon decrease, and — 
the sulphur increases and white iron is produced. Provided manganese 
is present in the ore, and there is sufficient coke present to reduce it, so 
that about 2.0% passes into the pig iron, and a slag rich in lime is main- 
tained, a pig iron low in silicon and sulphur, say, from 0.50% silicon and 
0.04% or less sulphur, is readily obtained. If for any reason the percentage 
of lime in the slag becomes considerably less, or the manganese oxide pre- 
sent is not reduced, and passes into slag, we obtain a white iron low in sili- 
con and manganese, but high in sulphur. In the absence of manganese 
ore, under special conditions, it is possible to make a low silicon, low sulphur 
pig iron, by working with very limey basic siags, but the difficulty is to ob- 
tain the necessary heat to maintain the refractory slags produced in a suthi- 
ciently fluid condition. 


_ If we consider the results obtained in the foregoing experiments, we 
shall see they are identical with what we should have expected from blast 
furnace experience. In the first experiment we had more coke during the 
- early part, with the result that grey iron containing manganese was pro- 
duced, and this in conjunction with the slag being fairly basic ensured a 
low sulphur iron. Towards the end of the experiment the coke was re- 
duced; the iron became lower in silicon, but the slag being still sufficiently 
basic, and the temperature high enough to reduce the manganese oxide, 
low sulphur pig iron was still produced. It will be noted that the electric 
energy consumed per ton of iron produced was greater in the first than in 
the second experiment, which accounts for the higher temperature and the 
more perfect reduction of the manganese oxide. In the second experi- 
ment, we started with less coke and far less lime on the burden, and also 
far less electric energy per ton of iron was consumed, with the result that 
a lower temperature prevailed, the reducing conditions were far less per- 
fect, and a far less basic slag was maintained. The result was that white 
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iron, low in silicon, and in some cases practically free from manganese, 
was obtained, and the sulphur greatly increased in the pig iron. Thus, 
low temperature, poor reducing conditions, and an acid slag produced cx- 
actly the same result as would have been obtained in a blast furnace, viz., 
a high sulphur iron. 


For the second experiment there was not time for M. Keller to have 
a complete analysis of the materials made, and the result was he did not 
put sufficient lime on with the ore material; it also seems that the amount 
of current employed was not sufficient to ensure the required temperature 
for the reduction of a reasonable percentage of manganese. In the firat 
experiment too much manganese was reduced, and in the second it was in- 
tended to decrease this to about 1.5%, but too low a temperature being 
maintained during part of the experiment, no manganese was reduced, and 
a high sulphur pig was the result. The influence of manganese in pre- 
venting sulphur from passing into the pig iron during smelting is both 
direct and indirect, and it is a question how far, in the absence of man- 
ganese, a basic slag can be made to prevent sulphur passing into the iron. 
In the blast furnace the basicity of the slag is limited by the temperature 
available, but in the electric furnace, by increasing the current a sutfi- 
ciently high temperature can be maintained to fuse almost any slag, and 
in my opinon there would be no difficulty in producing an iron low in 
sulphur, without manganese, provided sufficient lime were charged with 
the ore. 


In the presence of manganese and a fairly basic slag, the first experi- 
ment shows there is no difficulty in producing low sulphur iron, but the 
experiments cannot be said to have demonstrated that low sulphur pig iron 
ean be obtained without manganese in the ore mixture, and before this 
can be considered experimentally proved, it will be necessary to have a 
series of experiments made with non-manganiferous ore. In view of the 
fact that the ore is in intimate contact with about only one-third the quan- 
tity of coke, that it is in the blast furnace, together with the facility with 
which the temperature can be controlled to fuse a basic slag, there seems 
no reasonable doubt that low sulphur iron ean be produced in the electric 


furnace in the absence of manganese. 


If the analyses of the slags in the first and second experiments are 
examined, it will be seen that the ratio of lime to silica in the first experi- 
ment was very much higher than in the second, there being approximately 
10 per cent more lime in the first slag than in the second, while the per- 
centage of silica remained the same; there can be little doubt that the 
higher sulphur in the pig irons from the last experiment was largely due 
to the acid character of the slag, and if a basic slag, rich in lime, had been 
maintained, the resulting pig iron would have shown a very different coin- 


position. The following are the actual weights of the materials charged 


during each experiment :— 
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Ist EXPERIMENT. | 2ND EXPERIMENT. 
Ore.(dry)..:..--¢:. 15,948 kgs || Ore (dry).......-- 13,310 kgs. 
COG eee any aan So 00G Cokes eas ane Or Aiea 
PING ee hee eG ie Tae oar eee eee yen! ho 
Carte 7 ene OSS, 2° GHIA Aus Toes ene wees nil 
Yield of metal, 9,868 kgs. Yield of metal, 6 692 kgs. 


If the amount of silica and lime in the ore, coke, lime and quartz 1s 
calculated from the analysis given, it will be found, approximately, that 
for every kg. of silica in the first charge there was 1.7 kgs. of lime; where- 
as in the second charge, for every kg. of silica there was only 1.1 kgs. of 
lime. The amount of lime charged in the first experiment was 104 kgs. 
for every 1,000 kgs of ore, and in the second, only 40 kgs.; but this was 
to some extent balanced by 43 kgs. of quartz per 1,000 of ore being charg- 
ed in the first and none in the second experiment. These calculations con- 
firm the analyses of the slags. 

Castings. 

During the first experiment numerous castings were made with excel- 
lent results. The metal ran very fluid, gave sharp, solid castings, and in 
most cases was fairly soft for machining. In the second experiment most 
of the iron, being white or mottled, was not suitable for foundry work, but 
several castings were made from selected grey iron, and were in every way 
satisfactory. 

COSTS: 


In discussing the question of costs as compared with the costs of the 
blast furnace, we have to consider those which are special to the electric 
furnace, those which are special to the blast furnace, and those which are © 
common to both. 

Electric Energy. 

The amount of energy consumed in the first experiwent was 0.475 
E.H.P. years per ton of 2,000 lbs. of pig produced, and in the second, 0.226 
K.H.P. years. 


In the first experiment the iron was much greyer, and contained more 
silicon and manganese than was necessary or desirable, pointing to the fact 
that a higher temperature was maintained than was necessary, and con- 
sequently more energy expended. In the second experiment, on the 
other hand, we find the temperature was such that the silicon and man- 
ganese were only slightly reduced during a considerable portion of the ex- 
periment. This can hardly be due to the coke’s being present in insuffi- 
cient quantities, as charges in No. 1 experiment gave greyer iron than in 
No. 2 experiment, although 5 kgs. less of coke were used in many of the 
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charges. ‘The only explanation seems to be that a sufficient current was 
not passed through the charge to give the temperature necessary for the 
reduction of these bodies. It would, therefore, appear that to make iron 
of all grades, which necessitates heat sufficient to keep refractory basic 
slags fluid, it will not be safe to calculate upon less energy than the mean 
consumption in the two experiments, and for some purposes it may exceed 
this. This gives 0.350 E.H.P. years per ton of pig iron. With improved 
appliances and larger furnaces, this may be considerably reduced, but for 
the present it will be safer to take this figure as a basis for calculations. 
At $10 per E.H.P. year, this is equivalent to $3.50 per ton of pig. 


Electrodes. 


During our short stay at the works it was impossible to 
determine the cost of the electrodes per ton of iron produced, but M. 
I<eller took out the costs from his books over some considerable time of 
working for the furnaces, making ferro-silicon and other iron alloys. 


_He gives the cost of the electrodes, including the materials, labour, 
coking, &¢., as about $45 per ton, and the consumption as rather under J4 
lbs. per 2,000 lbs. of pig iron; this is equal to a cost of $0.77 per ton of 
pig iron produced. 

Coke. 


The amount of coke used in the first experiment was 3,392 kgs, equi- 
valent to 311 kgs., or 685 lbs. per 2,000 lbs. of pig iron produced, and in 
the second experiment, 2,745 kgs., equivalent to 372 kgs., or 820 lbs. per 
2,000 lbs. of pig. Taken through the entire experiment, the coke used in 
the first was less than that used in the second experiment. In view of the 
fact that grey iron, containing a very considerable percentage of man- 
ganese, was obtained during the greater part of the first experiment, it is 
evident that the coke mixed with the ore was sufficient for the reduction, 
and that the less complete reduction in the second experiment was not due 
to lack of reducing agent, but to other causes, which have already been re- 
ferred to. It may, therefore, be taken that the coke required per 2,009 
lbs. will approximately be 685 lbs., or 0.34 tons. Taking coke at $7, this 
gives us $2.38 for reducing agent per 2,000 lbs. of pig produced. 


If we compare the amount of coke used in a modern blast furnace, 
working on a similar ore, we shall find it will be about 1,850 Ibs. per 2,000 
Ibs. of pig iron, costing $6.40. 

Fluxes. 


Under normal conditions the only flux required will be the 
lime, as usually the silica and alumina in the ore will be sufficient, and in 
the event of more being required, a small quantity of aluminous ore would 
be mixed with the charge, so that we need only consider lime. 


The amount of lime used in experiment No. 1 was 340 lbs. per ton of 
metal, and this is the very minimum which could be safely employed, even 
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with such low siliceous ores.as those used in the experiment. In the best 
American blast furnace practice, with 56% ore, the average amount of 
limestone used is about 800 lbs. per ton of iron produced; in England, with 
less pure ores, it averages 1,200 lbs., equivalent to about 880 and 570 lbs. 
of lime respectively. Notwithstanding the much smaller quantity of coke 
ash to be fluxed in the electric furnace, I think it will be safe to assume 
400 lbs. of lime are necessary, in view of the necessity of maintaining a 
basic slag for the removal of sulphur. Taking lime at $2 per ton, this 
will cost $0.40 per ton of iron about the same as the blast furnace. This 
amount of lime may seem somewhat high, but it will be exceptional to find 
ores with only 3% of silica, and td insure a regular iron low in silicon and 
sulphur when manganese is absent, more basic slags than those produced 
in No. 1 experiment will be necessary. 
Labour. 

It is extremely difficult, from two. such small experiments 
as are described in this report, to arrive at reliable figures as to labour 
costs on a large commercial scale. At Livet all the charging, the remov- 
ing of the iron and slag, &c., were done by hand, and the number of men 
employed would bear no comparison to a plant arranged with modern 
labour-saving appliances. 

M. Keller estimates that a small plant producing 20 tons in the 24 hours 
in which the mixing is done with the shovel, and the furnace charged by 
hand, would require 28 men; whereas a plant properly equipped for 
mechanical mixing and charging, producing 100 tons per 24 hours, would 


require only 60 men. A modern American blast furnace, producing 350 


tons per 24 hours, employs about 100 men, and an English blast furnace, 
producing 150 tons per 24 hours, but in which less mechani- 
cal devices are used, employs almost exactly the same num- 
ber. In the former case there would be more than twice the weight of 
materials to be handled that there is in the latter, and it illustrates how 
hand labour can be replaced with suitable appliances. As the handling 
of the ore, coke, and fluxes, and the removal of the pig iron and slag would 
be on very similar lines to blast furnace practice, M. Keller’s estimate 1s 
probably not far outside the mark, especially if, as he assumes, the molten 
metal were taken away direct to a steel plant, so that all handling of the 
pig iron were dispensed with. On starting I consider that a larger num- 
ber of men would be required, and for the first year or so, until the men 
settled down to their work, it would not be safe to base calculations on less 
than 80 men per 100 tons per 24 hours. 

Appended are particulars as to the number of men M. Keller estim- 
ates, and for comparison are given the numbers of men employed respect- 
ively on an English and an American blast furnace. For the latter I am 
indebted to Mr. Axel Sahlin, of the firm of Julian Kennedy, Sahlin & Co., 
Ltd., an engineer of very wide experience in blast-furnace practice, both 
in England and the United States. It must be borne in mind that not- 
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withstanding the great reduction in labour per ton of iron in American 
practice, it is not all gain, and that the machines are often very costly to 
keep in repair, and often largely neutralize the saving effected in wages. 


ESTIMATE BY M. KELLER OF NUM- 
BER OF MEN REQUIRED FOR 
ELECTRIC PLANT PRO- BLAST FURNACE. 
DUCING 100 TONS 
PER 24 HOURS. 


States 


MEN REQUIRED FOR 


English Blast 
Furnace produc- 
ing 150 tons per 

24 heurs. 

United 

Biast Furnace 
producing 350 tons 
per 24 hours 
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*English, 2 engines. **,U. Say engine. 
Make per manemployed: English, 1.49 tons; 
United States, 3.60 tons. 


From the above it will be seen that in the English furnace the pro- 
duction is 1.50 tons per man, in the American, 3.6, and in the electric fur- 
nace, 1.6. Taking the average cost of labour at $1.50 per day, this is 
equal to $1.00 for English, $0.42 for the American, and $0.94 for the elec- 
tric furnace, so that on the basis of English output, the electric furnace 
has a slight advantage, but compared with the American, it is $0.52 on the 


wrong side. 
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The following are two approximate costs, based upon the figures dis- 


cussed. ‘The first is the estimate of M. Keller, from the results of the. 


second experiment; the second is my own estimate, after considering the 
question with respect to the results obtained both in the first and second 
experiments :— 


My Estimate 
M. Kecier’s EstTimMaTE BASED ON ENERGY CONSUMED Based on Results 


fr both 
) IN SECOND EXPERIMENT. Oe 
Experiments 


1 Ore (Hematite 55% iron) 1.842 tons at $1.50 per ton....... $2.76 $2.76 
2 Coke.0.04 tonssateegs U0 per tole: cs ns): eto een one 2.38 2.38 
3 Consumption of electrodes $45 per ton (34 lbs. per ton 
ro) Dis yo 1 0 8 HOR Serna etree Ry Seve AER OU eM ot a tae «OLS 2 OL77 0.77 
4's) Linve SUD DS At S20 per tome caine ee rae eae aie cael 0:30 400 Ibs. 0.40 
5) LA DOU SL OU Der Gay on vernal ei, ne preetie e eeens 0.94 0.94 
6 | Electric. energy” 0.226 HP. years at $10 peri. E. et 2.26 | 0.350 8.nP. 3.50 
moiseellaneousimaternals 2: 2 ed: X nasi sees eee rae eo) 0.40 
§ Repairs:and maintenance...1..... Nig. ipl i he ON Te Re Bees 0.20 0.20 
Do CHONCT ANWAR PEN GOS bor ask eather ch iy Mies ay cca ese AON Reh nae 0,20 0.20 
10° Amortization. (machinery and buildings) ......0/:.., 42.0. 0.50 0.50 
Potalwithowtrcoyalty ie areas ae eine aaa 10.71 12.05 


If we now consider these costs in comparison with the blast furnace, 
we get the following :— 


ELECTRIC SMELTING BLAST FURNACE 
CPCS 25 ar Nese ae eat) etter ee B257 Gi ee eae ee $2.72 
COkSORE LOD i een ie aeey A fel aeeeien Lean. 2.38} 0.925 tons 6.40 
Electrodes. = ern se ee es Ais ees eae eee. nil 
Lame: 2001 bs < cetee: ae ener tees ee 0.40 AQ0Qslbsae see 0.40 
LDN Nm ane AA Baa rot Re in 0.94 |American practice 0.42 
Hlechrie enerey «aks thn serena ere eee ee DOU IS sien oe nil 
Steam raising for blowing engine...... TV tea een j 1a POE 
Misecellancous materials...... NG ere Thyt ee ee he 1.30 


Repairs and maintenance say. { 


$12.05 : $11.34 


The steam used for the blowing engines costs little, as it is raised 
entirely by waste gases from the blast furnace, and 10 cents per ton of 
steel produced will probably cover it. 


On the basis, therefore, of fuel at $7.00, electric energy at $10 per E. 
H.P. year, the cost of production is slightly in favour of the blast furnace, 
and even when taking M. Keller’s figure of $10.71, when allowance is 
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made for a reasonable royalty, there is little margin upon the side of the 
electric furnace. The labour for the blast furnace is taken on the best 
American practice, and it would probably be fairer to increase this figure ; 
but even if taken on the basis of English practice, viz., $1.00 per ton, this 
only raises the total cost to $12.34 per ton of pig iron, which is practically 
equal to the cost of electric smelting. The labour costs of 42 cents per 
ton in American practice must not be taken as an average cost, as they are 
based on the assumption that wages average $1.50 per man per day, the 
figure taken for electric smelting. The labour costs, both in England and 
America, vary considerably, in the former from 48 to 80 cents, and in the 
latter from 41 to 80 cents, according to the arrangement of plant and the 
price of labour in the particular district. It will be seen from the above 
statements that economical electric smelting is simply a question of the 
relative prices of fuel and of electric energy. “With very high-price fuel, 
owing to the large amount required—nearly three times that of the elec- 
tric furnace—the blast furnace is placed at a disadvantage; and on the 
other hand, with fuel at anything below $7 per ton, the electric furnace 
cannot hold its own. It must be borne in mind that for blast furnace pur- 
poses, a hard, mechanically-strong coke must be employed, but for electric 
smelting, small anthracite, or other small coal or fine coke, provided it is 
fairly free from sulphur, could be used. Such small coal, anthracite or 
coke, could probably be obtained at half the price of coke suitable for blast 
furnaces, and in such cases the reducing agent for the electric furnace 
would make the cost per ton of pig iron $1 less. If anthracite collieries were 
anywhere near, large quantities of small anthracite might possibly be 
obtained at a very low figure. For the purpose of comparison, it has been 
necessary to consider the value of the fuel per ton as being the same in 
each case, but local conditions, such as a good supply of a cheap fuel which 
is useless for blast furnace work, but suitable for electric smelting, might 
so reduce the cost of production in the electric furnace as to enable it to 
compete successfully with the blast furnace. Provided charcoal could be 
obtained cheaply, it could probably be used if it were briquetted with the 
ore. 


PIG IRON SMELTING IN COMBINATION WITH STEEL MAKING, 


It may be assumed that if electric smelting is to have a future, it 
must be in combination with steel manufacture, rather than in the pro- 
duction of pig iron for foundry purposes. In its present stage of develop- 
ment, the electric steel furnace is not suitable for the manufacture of 
other than high-class special steels, and where large quantities of rail, or 
structural steel, are required, either the Bessemer or Siemens process, or 
some modification of these, will have to be adopted. As a class of iron 
suitable for either of the processes can be produced in the electric furnace, 
it will be local conditions which will determine the most economical pro- 
cess to adopt. 
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In the case of the basic process, unless ores are available which will. 
produce a pig iron with not less than 2.25% to 2.50% of phosphorus, the 
basic Bessemer becomes impossible, and the basic Siemens will have to be 
used. When hematite ores, producing a low phosphoric pig iron, are obtain- 
able, either the acid Bessemer or the acid or basic Siemens can be adopted. 
Siemens’ steel is undoubtedly more regular in quality than Bessemer steel, 
and is consequently much preferred by engineers, and for many purposss 
engineers decline to take Bessemer steel, and insist on Siemens’ steel being 
caeinged In view of these facts, unless there are some strong reasons 
to the contrary, it would be desirable to use some form of Siemens’ fur- 
nace. Material of the highest quality is now being produced in America 
and in England, by taking molten iron direct from the blast furnace, or 
after passing through a mixer to the large basic-lined Siemens’ firnnees 
worked on the Talbot, or ordinary Siemens’ system. The electric process 
of smelting would ad itself extremely well to the production of iron for 
such purposes, and a low silicon iron of the grade required would cost less 
to produce than a higher silicon iron suitable for Bessemer work. The 
disadvantage of using the Siemens or Talbot furnace, as against the Bes- 
semer, is the cost of the fuel; in districts where fuel is dear, coal or slack 
could probably be obtained at less than half the price of lump coal; and 
where coke is $7 , it should not exceed $3.50 per ton. In the best practice 
with large Talbot furnaces, the fuel consumption does not exceed 550 to 
600 lbs. per ton of steel produced, costing, say, $1.00, and probably 
with very low silicon iron, delivered very hot into the furnace, the con- 
sumption of fuel would be less. The Bessemer, on the other hand, does 
not necessarily require any coal, as the blowing engines can be driven vy 
electric power. I am unable to say at what cost, as no plant is being work- 
ed in this way, but the large high-pressure blowing engines would certainiy 
require considerable power. In England, Siemens’ steel is sold on an aver- 
age at from $2 to $2.25 more than Bessemer steel, so that in view of the 
superior quality, even if it cost slightly more per ton to produce, a plant 
to produce Siemens’ steel would probably be the better to instal. 


This question, however, is one that can be decided only after full con- 
sideration of the local conditions, both as to the supply. of raw materials, 
and to the market requirements for the finished steel. Whichever process 
were adopted, whether Siemens or Bessemer, it would be advisable to take 
the metal in ladles as tapped from the baat: furnace to a metal mixer, 
holding about 300 to 400 tons of molten metal; this largely insures ReetieS 
quality, and also removes some of the silicon, and to some extent, under 
special conditions, some of the sulphur. This metal mixer acts as a reser- 
voir, and besides improving the quality of the metal, facilitates the rega- 
lar operation of the plant, and prevents delays by insuring a regular sup- 
ply of metal during repairs, &c., to the smelting or other furnaces produc- 
ing pig iron. 
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CONCLUSIONS. 


As a result of my investigations into the metallurgy of the electric 
production of steel and the electric smelting of pig iron, I have come to the 
following conclusions :— 


1. Steel, equal in all respects to the best Sheffield crucible steel, can be 
produced, either by the Ixjellin or Héroult or Keller processes, at 
a cost considerably less than the cost of producing a high-class eruc- 
ible steel. 


2. At present, structural steel, to compete -with Siemens or Bessemer 
steel, cannot be economically produced in the electric furnaces, and 
such furnaces can be used commercially for the production of only 
very high-class steel for special purposes. 


3. Speaking generally, the re-actions in the electric smelting furnace as 
regards the reduction and combination of iron with silicon, sul- 
phur, phosphorus, and manganese, are similar to those taking place 
in the blast furnace. By altering the burden and regulating the 
temperature by varying the electric current, any grade of iroa, 
grey or white, can be obtained, and the change from one grade to 
another is effected more rapidly than in the blast furnace. 


4, Grey pig iron, suitable in all respects for acid steel manufacture, either 
by Bessemer or Siemens processes, can be produced in the electric 
yi ; 
furnace. : 


5. Grey pig iron, suitable for foundry purposes, can be readily produced. 


6. Pig iron low in silicon and sulphur, suitable either for the basic Bes- 
semer or the basic Siemens process, can be produced, provided that 
the ore mixture contains oxide of manganese, and that a basic slag 
is maintained by suitable additions of lime. 


7. It has not been experimentally demonstrated, but from general con- 

| siderations there is every reason to believe, that pig iron low in sili- 
con and sulphur can be produced even in the absence of manganese 
oxide in the iron mixture, provided a fluid and basic slag be main- 
tained. 


8. Pig iron can be produced on a commercial scale, at a price to compete 
with the blast furnace only when electric energy is very cheap and 
fuel very dear. On the basis taken in this report, with electric 
energy at $10 per E.H.P. year, and coke at $7 per ton, the cost. of 
production is approximately the same as the cost of producing pig 
iron in a modern blast furnace. 
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9. Under ordinary conditions, where blast furnaces are an established in- 
dustry, electric smelting cannot compete; but in special cases, 


where ample water power is available, and blast furnace coke is not 
readily obtainable, electric smelting may be commercially success- 


ful. 


It is impossible to define the exact conditions under which electric 
smelting can be successfully carried on. Each case must be consi- 
dered independently after a most careful investigation into local 
conditions, and it is only when these are fully known that a definite 
opinion as to the commercial possibilities of any project can be 
given. | 

Fr. W. HARBORD, 


Assoc. Royal School of Mines, Fellow of Inst. of Chemistry, Fellow 
of the Chem. Society, Consulting Metallurgist to the Indian 
Government, Royal Engineering College, Cooper’s Hill, Surrey. 


Cooper’s Hill College, June 27th, 1904. 


PEATE «XIV. 


CHARGE 500. 


Gysinge mild steel carbon 0.098%. Almost all ferrite, junction 
of ferrite grains worn away by polishing. Structure normal. 


Magnification 1500 diameters. 


PLATE XV. 


CHARGE 547. 


Gysinge medium steel carbon 0.417%. Ferrite and pearlite. 
Normal structure. 


Magnification 1500 diameters. 


PEATE ZVI. 


CHARGE 546. 


Gysinge high carbon steel 1.082%. Normal structure nearly all 
pearlite with little cementite. 


Magnification, 15co diameters. 


PLATE XVII. ) 


CHARGE 5509. 


La Praz mild steel 0.129% carbon. Mostly Ferrite, with little 
pearlite not well developed. Junctures of the ferrite grains 
worn away by polishing. Structure normal. 
Magnification 1500 diameters. 


PLATE XVIII. 


CHARGE 660. 


La Praz High Carbon Steel 1.016%. Normal structure. 
Nearly all pearlite, little cementite. 


Magnification 1500 diameters. 


PLATE XIX. 


VERY Low CARBON STEEL MADE IN BASIC. 


Siemens Furnace Carbon 0.057%. Typical Ferrite structure 
showing junction of grains. 


Magnification 1000 diameters. 


SoA Wien 


CRUCIBLE} STEEL O-1 20) CARBON; 


Showing Ferrite and well developed pearlite in places. 


Magnification 1500 diameters. 


PEAVESXX! 


Mitp STEEL, ABOUT 0.140% CARBON. 


Ferrite with patches of pearlite. 


Magnification 1500 diameter. 


PLATE XXII 


0.907% CARBON CRUCIBLE STEEL. 


Almost entirely well-developed Pearlite. 


Magnification 1500 diameters. 


PLATE XXIII. 
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No. 6 (572). 
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MECHANICAL TESTS 


No. 7 (658). 
Sguane Bar Swacxp To Roux (Toor. Steet) 


Heroult Steels 
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TEST No. 8 (660). 
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Fig. 28 


No. 9 (659). 
1" Rouno Bax (Toot Steet). 
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Diagram showing the general arrangement of the 
Keller furnace with 4 hearths. 


Fig. 29 
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THE MARCUS RUTHENBURG PROCESS OF 
See Pe CrRIC SMELTEFING OF MAGNE TIFE: 
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REPORT ON THE MARCUS RUTHENBURG PROCESS OF 
ELECTRIC SMELTING OF MAGNETITE. 


Hon. Clifford Sifton, 
Minister of the Interior. 
Sir,— 

On the 24th of July, 1908, the Commission, consisting of the Gov- 
ernment Electrician, Mr. Higman; the Metallurgist, Mr. Locke, and the 
writer, appointed by you to investigate the Marcus Ruthenburg process 
of electric smelting of magnetite, left for Lockport, N.Y., where the 
Ruthenburg electric furnace had been set up in the Cowles Electric Smelt- 
ing and Aluminium Company’s works, situated on the outskirts of the 


town. 
Description of Furnace. 


The furnace (see plate XXIV) consists of an electro-magnet (horse- 
shoe pattern) of cast-iron, with pole-pieces of soft steel. The two limbs of 
the magnet are electrically insulated from each other at the bend, which, 
in the form of a joint, permits the variation of the gap between the poles 
by means of ascrew. The limbs of the magnet are surrounded for nearly 
the entire length by closed brass drums, which are provided at the end 
farthest from the poles with means for rotating them in directions toward 
the gap. The rotation is effected by a separate motor of about 4 horse- 
pcwer. These drums serve the purpose of absorbing by water circule- 
tion through them the heat generated and of giving motion to the ore to- 
ward the gap. The parts of the drums to which the working current is 
distributed, and which form the electrodes, are armed with carbon plates. 
This current was furnished by two Brush Direct Current Generators, 
joined in series, of 50 volts and 3,000 amperes capacity each, thus giving 
100 volts and 3,000 amperes. 


A Weston ammeter of 4,000 amperes capacity, a Weston voltmeter, 
reading to 120 volts, and a Scheefer recording wattmeter, No. 42,203, 
specially constructed for 2,000 amperes at 110 volts, were in circuit with 


the main current. 
Description of the Process. 


The magnetite is first coarse-crushed and sent through Cornish roll- 
ers for fine crushing. From these it passes into magnetic separators, 


ELS 


which eliminate the non-magnetic constituents. The resulting concen- 
trates are mixed with carbon in amount somewhat in excess of the amount 
needed to reduce the ore to the metallic condition. Partial reduction of 
the ore is expected to be effected by the working current in the gap of the 
carbon-covered drums, where, on account of the magnetic field, the mix- 
ture of ore and carbon forms a bridge, the carbon being held in place by 
the magnetite threads which span the gap. The partially reduced ore in 
the heated condition loses its magnetism, and drops into a cooling pit, 
being replaced by a fresh mixture of ore and carbon; the process is thus 
automatic and continuous. 3 


The partially reduced and heated ore is expected to agglomerate into 
masses in the pit, where it is assumed to undergo further reduction. After 
the cooling, the fritted mass is, according to the Patentee’s account, melt- 
ed in a cupola, and cast into ingots, or directly transferred to an open 
hearth furnace and converted into steel. 


INVESTIGATION OF THE RUTHENBURG PROCESS BY 
THE COMMISSION. 


Calibration of Electrical Measuring Instruments. 


In order to ascertain the electric horse-power absorbed per ton of 
product, it became necessary to verify the indications of the electric meters 
in circuit with the furnace. This calibration was undertaken by Mr. 
Higman, who employed for this purpose his own official standards. ‘The 
Weston ammeter and voltmeter were found to be correct, but on passing 
current through the Scheefer recording wattmeter, which was to be relied 
upon in furnishing the total watts delivered, it failed to record, although 
the ammeter indicated the passage of a current of from 500 to 1,000 am- 
peres, at a pressure of 100 volts. A telephone message was sent to the 
agents representing the firm of manufacturers of the meter in St. Catha- 
vines, asking for an expert to adjust the instrument. On his arrival, cur- 
rent was again passed, but the instrument could not be made to record. 
It was, therefore, decided to take the instrument down and examine it. 
It was then found that one of the ball bearings on which the spindle mov- 
ed was missing. On supplying a new ball-bearing, and testing the instru- 
ment, it still failed to record. A further examination revealed the fact 
that the connection of the potential coil with the armature had been 
broken. The wattmeter being of special design, and not kept in stock, it 
became necessary to send it back to the factory in Peoria, Ill. To avoid 
all unnecessary delay, Mr. Higman undertook to convey it to the factory, 
and personally supervise its refitting. Expenses for this journey were 
met by Mr. Simpson. Meanwhile, the furnace was set in operation, and 
the patentee experimented in ascertaining the best method of feeding the 
ore and carbon to the reduction space. 


eg) 
Preparation and Conveyance of Charge to Reduction-Space of Furnace. 


The mixture of ore and carbon, placed in the bin above the furnacs, 
was permitted to run from a chute into a feeding box placed on top 
of the left hand rotating electrode. A lever operating a slide in the box 
permitted the regulation of the delivery slit. It was soon found that the 
magnet would pull the magnetite out of the slit, and leave the carbon be- 
hind, which, accumulating at the opening, would intermittently be forced 
out by the rotation of the drum. This prevented a proper mixture of ore 
and carbon. A second box, similar in construction to the former, was 
then placed upon the right hand rotating drum and filled with powdered 
charcoal, the left hand feeding box being filled with pure ore. The slides 
of the feeding boxes were now opened, but while the ore passed freely 
down to the gap, the charcoal choked the slit, and that which passed out 
adhered to the carbon of the electrode, preventing an effective mixture of 
the ore with the carbon throughout the gap. 


Both feeding boxes were now removed, and the feeding effected from 
the spout placed over the centre of the furnace, directly over the gap, and 
the spout provided with a slide. To insure proper mixture of the ore 
with the carbon, the patentee mixed the ore with part carbon and sawdust, 
expecting the sawdust to act as a distributor of the ore, and, by evolution 
of hydro-carbons in the are, aid in the reduction of the ore. As might 
have been foreseen, the flame produced by the ignited sawdust set the 
chute, which was made of wood, on fire, necessitating the replacement of 
the charred part by a metallic conduit. For this the patentee used gal- 
vanized iron! which, becoming magnetic, retained part of the ore, which 
hung in beards from the sharp edges and corners of the spout, preventing 
regular feeding of the mixture of ore and carbon. Moreover, much of 
the sawdust which had passed through the gap was found not to have been 
acted on by the electric current. 


A mere recital of these experiments conducted by the patentee shows 
how imperfectly the treatment of magnetic ores by his process has been 
worked out by him. | 


Determination of Electric Energy Absorbed. 


On the return of Mr. Higman from Peoria, Ill., with the repaired 
wattmeter, it was decided to make a run of a quantity of ore sufficient to 
determine the electric horse-power absorbed in the furnace per ton of pro- 
duct. The following mixture was employed by Mr. Ruthenburg for this 
purpose :— 


WMEGHSIO mA OTIS Ga TiCls- skeet) eens ar 3,200 Ibs. 
Ra cianicl tists rae went are tee i oak ren aae co te 200 . * 
ome eTieited liven aes cries ale tng cao Ue ees oer 
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When preparing this mixture, I pointed out to the patentee that the 
coke should be properly sized to consist of particles not larger than twice 
the diameter of the average diameter of the particles of the iron sand, to 
insure uniformity of resistance in the gap, and that the sawdust, which 
increased the resistance without materially aiding in the reduction, should 
be omitted if it was desired to prove a low absorption of electric energy 
by his furnace. No change, however, was made in the ingredients of the 
mixture, nor was an attempt made to render the particles of the mixture 
of uniform size. To prevent the mixture from separating in the bin into 
its ingredients, according to the specific gravities of the components, 
the patentee wetted the mixture, hoping that the particles of ore would 
adhere effectively to the wet sawdust and coke. ‘This naturally imposed 
the additional useless burden upon the furnace of providing sufficient heat 
for the evaporation of such water. 


On starting the furnace it was found that the resistance in the gap 
was so great that with the available pressure of 100 volts only about 150 
amperes on an average could be driven through the ore bridge in the gap, 
and even when the gap was narrowed to 2 of an inch, the current could 
not be materially increased. The uneven feeding and the uneven size of 
the particles of the mixture caused the resistance.in the gap to vary to such 
an extent that the ammeter indications fluctuated rapidly and throughout 
the experiment between 50 and even 0 to 200 amperes. The disk of the 
recording wattmeter remained stationary whenever the current strength 
fell below 150 amperes. It is evident that under these conditions the watt- 
meter readings, as recorded by Mr. Higman for the separate runs, would 
not represent the whole of the electric energy absorbed. 


The sawdust was only partially acted on in the gap, particles passing 
through without having been carbonized, and the larger pieces of coke, 
heated to a bright redness by the current, absorbed electric energy with- 
out useful return in effecting reduction of the ore. 


The vron sands and coke particles fell in a fine, fiery rain vnto the pit, 
where they rapidly cooled. The vron sands having lost their magnetism 
before vncipient fusion had set wn, the product of the furnace in the pit 
farled to agglomerate into masses, and consisted apparently of nearly the 
same physical and chemical constitution as the ore minature employed. 


It was, therefore, thought a waste of time to continue the run after 
17 hours and 87 minutes trial, although a considerable quantity of the 
charge still remained in the bin. The furnace was, therefore, shut down, 
the remaining charge run out and weighed. The weight of the product 
was also ascertained. These weights are not recorded, since they are en- 
tirely unreliable, a number of accidents having occurred during the trial. 
such as the falling down of the front of the pit, and the spattering of hot 
water from the pipes of the drum upon the product, &e. 
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Mr. Higman reports that: “ The total amount of energy recorded by 
the wattmeter was 103 kilo-watt-hours, but since the meter failed to re- 
~ cord when the current. fell below 150 amperes, the record cannot be ac- 
cepted even as approximately correct. 


108 readings of the volt-amperes taken during the test give an aver- 
age rate of consumption of 17,400 watts, or a total, during the 17 hours 
and 37 minutes, of 806.5 kilo-watt-hours. These figures approximate very 
nearly the actual energy consumed.” 


Taking Mr. Higman’s last figure of electric energy absorbed, the 
total quantity of ore treated in 17 hours 37 minutes amounted to 1,732 
lbs., or 1.18 tons per day of 24 hours, and the total electric energy expend- 
ed in putting this amount through the furnace would be 417.6 kilo-watt- 
hours, equal to 559.7 electric horse-power hours, which gives for one 
ton an expenditure of 0.054 horse-power years. 


Metallurgist’s Report. 


Mr. Locke, the metallurgist, reports as follows, regarding the assays 
of the samples taken by him during the progress of the trial runs with the 
Ruthenburg furnace :— 


“The Moisie sands were put through a magnetic separator of Mr. 
Ruthenburg’s invention. The following are the assays of the results of 
the magnetic separation : 


Original Saiids. Concentrates. Tailings. 
We i: y 
LO) fence re yeaa ae eran: 8.46 te | 17.47 
GN. ees tye sic . 66.22 68.88 44.02 
OMe a) MCN de FORE ERA 19.66 25.34 15.06 
WO) i ene ee sei) 14.93 3.01. 22.00 
NOS so Rye eee 0.41 Ome T, 0.66 
Peace tee ee eee Sok i5 0.008 0.004 0.009 
SS LECE Es pa ae ce ea pane 0.005 trace. 0.008 
Regarding the oxygen as combined with the iron to Fe;0,, we have: 
Original Sands. Concentrates. Tailings. 
he is ie 
PL) Freez cle de 8.46 Te 17.47 
EEO u he is Sev ahcn toy cle Tle238 91-86 54.47 
Fe (otherwise 
combined)... . 4.65 2.36 4.61 
TiO 14.93 3.01 22700 


For the charge of the electric furnace the concentrates in column 2 
were mixed with coke and sawdust, in the proportion of 80 parts concen- 
trates, 20 parts coke, and 5 parts sawdust, The coke used contained 
88.21% carbon; the sawdust was not analysed; the fixed carbon of wood, 
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though,, varies little from 50%. Assuming this figure, the charge would 
contain :— 


de Bre aasil 

69.98-" FeO, 

1.98 “ Fe (otherwise combined) 
Papas bolt db BF 

LOLOL See: 


In these figures no consideration has been taken of the ash of the coke. 

This mixture was put through the electric furnace, and of the result- 
ing product a part was taken hot and quenched in water, whilst the rest 
was allowed to cool slowly in the pit of the furnace. These two parts as- 
sayed as follows :— 


Quenched. Cooled Slowly. 
ys te 
eal LG iter phenacetin aa teat 1.76 
euro Gee teense eyes Oo. 92 61.57 
CO) sek eee Sera 21.41 19.47 
TOT ar ie pte eae 2004 2000 
Coe HA nce ate cater 14.72 14.64 
or, regarding the oxygen as combined with the iron to Fe,O, we have: 
Quenched. Cooled Slowly. 
| Ue is 
SLO ee re crs eae baa Ee76 
Be. Gi aete vou cer 77.43 70.65 
Wes ed waren ect eee 3.90 10.39 
Abi Oe eaten et ay en ee 2.24 2eO0 
CEES WG eee 14.72 14.64 
Eliminating the carbon, the results are as follows: 
Quenched. Cooled Slowly. 
1G one cea oi anaes Pag ATO 2--06* 
Like 8 Snr cme hlerd ie 90295 82.69 
Wey a (ah see see 4.40 Teo 
gL OMe e Ween oh Janet ae 2.63 2-995 


* The increase in the silica is caused by the silica contents of the coke. 


CONCLUSION. 


From these results it is evident that the reduction of the magnetite, 
either in the reduction gap of the furnace, or in the soaking pit below the 
furnace, had been insignificant. 


Whatever the claims made by the patentee for his process, as exhibit- 
ed to the Commission, the foregoing results of the investigation demon- 
strate its entire failure as a process for either agglomerating and fritting — 
the finely-divided ore, or for any useful reduction of the iron ore. 
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The fact that the magnetite loses its magnetism before incipient 
fusion takes place will prevent the agglomeration of the charge in the pit 
and the narrow gap between the poles, through which the charge requires 
to pass, will always render the capacity of the furnace small. These two 
facts preclude the hope that modifications of the process will render it 
commercially useful for agglomerating finely-divided ore, in substitution 
of briquetting. 

I have the honour to be, 
Sir, 
Your obedient servant, 


EUGENE HAANEL, 
Superintendent of Mines. 
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TREATISE ON ELECTRO-METALLURGY OF 
IRON.* 


BY HENRI HARMET. 


Physical state in which the reducer and the oxides to be reduced ought to be. 


The metallic oxides, such as oxide of iron, placed in a solid state in 
the presence of a reducer, such as coke, for example, itself in a solid state, 
are reduced under the influence of heat but slowly, and then only in the 
immediate neighbourhood of the points of contact. 


This method of reduction is made use of in working with small quan- 
tities, and intermittently, in the crucibles lined with carbon, in the labor- 
atory, in the old low furnaces, fining-forge, and similar furnaces; again, 
it must be admitted, that in these appliances a great proportion of the re- 
ducer acts in the form of gas. 


But when the question of continuous production on a larger scale is 
examined, it is found that in order to produce reduction on a commercial 
scale, it is necessary, under the influence of a sufficiently high tempera- 
ture: 


1st.—That the carbon transformed into reducing gases should penetrate 
the pores of the oxide which remains solid. 


2nd.—Or else that the liquified oxide should surround the solid carbon, 
thus multiplying and renewing the points of contact. 


It is hopeless economically to effect the reduction of liquified oxides, 
by causing the carbon, converted into reducing gases, to act upon them. 


Reduction by means of the heat produced by the reducer. 


The reduction on a commercial scale of solid oxides by carbon trans- 
formed into reducing gases has for a long time been carried on in the or- 
dinary blast furnace under the influence of heat given off in the hearth by 
the combustion of the solid reducing agent, coke or charcoal. . 


The reduction of liquified oxides by a solid reducer has not been so 
employed, we believe, as to use heat supplementary to that of the carbon 


* From the French. 
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itself; the carbon surrounded by the liquified oxides could not give off 
supplementary heat, having no point of contact with the oxidizing air. 


Reduction by means of the heat resulting from conversion of electric energy. 


The introduction of electricity as a source of independent heat sim- 
plifies the problem of reduction, by leaving the reducing agent free to ac- 
complish simply the chemical action which is required from it; the reduc- 
tion of liquified oxides by solid carbon becomes thus possible. 


For the two cases: 1st. Reduction of solid oxides by carburized gases. 
2nd. Reduction of molten oxides by solid carbon; we shall examine the 
successive steps through which iron must pass to be changed from the 
primitive oxide to the condition of finished steel, and the appliances which 
permit the practical realization of these successive phases by deriving 
from electricity the heat necessary beyond that which can be furnished 
by the reducing agent used. For the sake of simplyfying our study, we 
will first consider the second case: reduction of molten oxides by solid car- 
bon; for one part of this process can, without further description, be 
adapted to the first case. 


The application of electricity as a source of heat for industrial pur- 
poses has for a long time been made on a large scale. In the following 
notes we may then pass over all the details of installation concerning the 
production of current of great power, leaving to electrical engineers the 
part which they have a right to claim. In order that, in this study, we 
may take into account the appliances which should be adapted to the exi- 
gencies of the electric current, we shall insist only on the following fact: 
electric energy is transformed by the interposition of a resisting body 
(similar to that used in incandescent lamps) into heat which may be utiliz- 
ed. The material which offers resistance, the gases, the oxides, the molten 
slag, charged with this heat, transmit it to the surrounding regions and to 
the metal produced. We should add that after this the principal difficul- 
ties met with in electro-metallurgy arise from the sticky state of the 
oxides at high temperature, and from the forms the appliances have to 
take in order to facilitate the reactions which should be produced in each 
phase. 


BPIRSD FPART 
Reduction of Molten Oxides by Solid Carbon, 


Every metallurgic process, in order to be practical and of use indus- 
trially, should have an exact order in the succession of the steps which 
constitute it, and it should provide for the possibility of regulating the 
progress atl the rapidity of each of these. 


If the steps or successive phases take place in the same part of. the 
same apparatus, the process is fatally discontinuous; if the phases take 
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place in distinct parts of the same apparatus, or in different apparatuses, 
the process may be capable of either continuous or intermittent produc- 
tion. | 


Regularity of progress and continuity of production, when possible, 
are to be carefully sought after, and it is the pursuit of these two desi- 
derata which, for the electro-metallurgy of iron, have led us to the com- 
plete apparatus, the general plan of which is represented by Fig. 1. 


This general plan comprises three principal parts absolutely distinct 
from each other, each corresponding to one phase of the treatment: 


A first apparatus (A) for the fusion of the ores. 
A second apparatus (B) for reduction. 


A third apparatus (C) for bringing the metal to the desired state ; 
this is the regulator, or Martin electric furnace. 


The first two, A and B, are continuous in progress and production. 


The third (C) is continuous in progress, but the tapping is intermit- 
tent, it being necessary to accumulate the metal produced, in order to be 
able to run it out in a large mass at a single casting. We should note 
here that this third apparatus, or regulator, forming a part of the whole, 
constitutes by itself alone an‘electric furnace, capable of replacing the 
ordinary Martin furnace. | 


Description of the Complete Apparatus. 


A first part, or melting furnace. 


Ist.—The first part, in which the fusion of the oxides is accomplished, 
is composed of: (see Fig. 1, part. A.) | 


A shaft (1) with circular horizontal cross-section, the axis of which 
is vertical, and with the interior walls widening out from the top to the 
bottom, in order to facilitate the descent of the charge, and to avoid scaf- 
folding of the material; the section increasing more and more towards the 
base (in proportion as the charge becomes more pasty and sticky under in- 
creasing temperature. ) 


The holes (2) allow the ores, if necessary, to be worked in the in- 
terior of this shaft. They are closed by movable bricks when not re- 
quired. | | 

At its lower part the shaft (1) terminates in the smelting hearth ; 
number (3). 


This consists of a chamber with circular cross-section, the arched roof 
of which is broken through in its centre by a large opening, which forms 
the continuation of shaft (1). 
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This chamber (3) is of much greater diameter than the lower part of 
the shaft, so that the oxides which almost fill shaft (1) may not complete- 
ly fill the hearth, but leave at (4) an annular space for the circulation of 
the gases. 


As a result of the gradual widening of shaft (1), and also of the form 
of the hearth (3), the ores are never jammed in the shaft; they spread out 
as they descend, leaving spaces for the passage of ascending gases. On 
reaching the hearth (8), they rest on the bottom, taking laterally their 
natural slope, and leaving the annular space necessary for the combus- 
tion of the gases which, from there, spread through the whole mass of 
oxides, and heat them while passing through them and finally escape by 
outlet (5). These gases, completely burned, have no value on leaving the 
melting furnace, and outlet (5) may be left entirely open, which facili- 
tates the charging of the apparatus. 


The bottom of the hearth (8) slopes from the back toward the second 
apparatus or reducer. ‘This inclination is for the purpose of facilitating 
the running off of the molten oxides toward the reducer, and keeping them 
from escaping through the openings by which the carbons (6) carrying 
the current enter; these openings, it will be seen, are placed at the top of 
the inclined plane. 


The fusion of the oxides in the hearth is produced by the gases which 
escape from reducer (7). These gases, in fact, are composed principally 
of oxide of carbon, and the heat which they give off, whether by their com- 
bustion, or by their cooling, is sufficient for the fusion of the correspond- 
ing oxides. On leaving the reducer by pipe (8), the gases form a blow- 
pipe, with the air blown in at high pressure through the tuyere (9). and 
drives them in an incandescent state into hearth (8); on the slope they 
attack the oxides, already at great heat, melt them, then distribute them- 
selves all through hearth (3), and especially in the free annular space (4), 
where their combustion is completed; from there they diffuse themselves 
through the porous ore, heat it progressively, and escape by outlet (5). 


The gases of the reducer generally suffice for the heating and smelt- 
ing of the oxides ; nevertheless, it is necessary to have at one’s disposal a 
source of supplementary heat in the form of an electric current, for the 
purpose of: 


1st.—Guarding against an insufficiency of heat produced from the 
gases alone. 


2nd.—Regulating the fusion on the bottom of hearth (3). 


This bottom is indeed very wide; the ore lies there on a large surface, 
and the blow-pipe, or blow-pipes (for several of them can be used) formed 
by the gases, acting more particularly on the surface of the slope, cannot, 
as a rule, melt the ores which rest on the bottom itself, or which are found 
at places more remote from the source of heat. 
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The electric current capable of furnishing supplementary heat for 
smelting is carried by two or several carbons (6), entering the furnace 
above the bottom by openings at the upper part of the inclined plane 
forming this bottom, but it may be introduced by vertical carbons or in 
any other way. It is well to distribute the current in such a way as to be 
able to heat the different parts where necessity may demand. | 


2nd.—The second part, in which the reduction. of the oxides takes 
place, is composed of: (see Fig. 1, part B.) 


A shaft (10) with circular cross-section, the axis and sides of which 
are vertical, and into which is charged at the top coke, charcoal, anthra- 
cite, or any other substance which serves asa reducer. This shaft is kept 
full for the purpose of exerting pressure on the coke in the lower part, 
and of forcing it out in the form of a column as far as the bottom of the 
reducing crucible. 


The top of shaft (10) is closed by a charging apparatus (11), placed 
in such a way as to prevent any escape of the gases by this opening during 
the charging process, unless it is judged necessary to do so. 


At the lower part shaft (10) ends in the reducing crucible or reducer 
(7). ; 
This reducer (7) is a furnace with circular horizontal cross-section. 
The lateral walls are practically vertical, the bottom is sloped in the direc- 
tion in which the substances are to run, that is, from the entering of the 
molten oxides to the escape of the metal and slag toward the regulator. 


The roof is spherical or dome-shaped, and presents: 


1. A large circular opening, forming a continuation of the shaft (10) 
and by which the reducing substance enters the crucible, forced in by the 
weight of the super-imposed material. 


2. A second opening (8) by which all the reducing gases escape. 


3. Further, one, two or more openings for the entrances of the elec- 
trodes, when it is considered desirable to convey the current through the 
roof. | 


The lateral walls of the crucible may have openings or doors for the 
purpose of examining or making interior repairs, and also openings for 
the passage of the electrodes, when it is considered expedient to introduce 
the current laterally; but they have at least two openings (12 and 18) for 
the running off of the crude metal and the slag. These two tap-holes are 
placed, either the one above the other on the same vertical plane, or rather 
a little separated on different verticals, but in any case both ought to be 
behind the column of coke descending from shaft (10), so that the slag 
and the metal may never escape without going over a thick bed of incan- 
descent reducing substance. This placing of the tap-holes combined with 
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the height of the column of material in shaft (10), which by its weight 
forces the reducing substance to pass down to the bottom of the crucible, 
insures a perfect reduction. 


In crucible (7) the reduction of the oxides absorbs more heat than is 
produced by the transformation of the coke into oxide of carbon. It is, 
therefore, necessary to resort to the electric current in order to supply 
the additional quantity of heat required. ‘This current can be brought by 
electrodes, such as (14) and (15), passing through the top near the slag, or 
by electrodes, either horizontal or, still better, inclined in position, crossing 
the lateral walls, and reaching the slag on the same plane. 


Process of Reduction in Furnace B. 


After the process has been in operation for some time, the crucible 
of the reducer shows in the lower part on the bottom a first layer of 
erude metal (16), then above this a layer (17) of oxides not completely 
reduced, and more or less mixed with a third layer (18), composed prin- 
cipally of slag. The coke remains lying on the bottom, below the shaft 
(10), but the fragments which are free on the surface, on the side to- 
wards the axis of the crucible, are raised by the metal or the slag, float in 
the liquid mass, scatter all about, and at last fill up all the lower part of 
the crucible up to the level of the slag (19-19); the whole liquid mass 
then circulates among the interstices left by the fragments of coke, as in © 
the crucible of the ordinary blast-furnace. 


The molten oxides which come from the hearth (3) fall on the mix- 
ture of coke and slag, and become reduced under the influence of the high 
temperature produced by the current; the gases escape through opening(8) 
in order to continue the fusion of the ores; the metal produced descends to 
the bottom; the slag, separated from the oxide, floats on the surface. 


The discharge of the slag and the metal produced from the crucible 
may be effected by complete and alternative tappings. It is preferable 
to let the slag run off almost continuously, which is easily accomplished, 
as in the ordinary blast furnace. 


3rd.—The third part (C) into which the reducer pours its crude 
metal, there to be refined and brought to the desired condition, is the reg- 
ulator. | 


The “ Regulator” represented in the general plan of the three ap- 
paratuses (Fig. 1) is further reproduced in detail in Figs. 6, 7 and 8 (see 
second part.) 


Tig. 6 being a section of Fig. 8 along A.B.C. 
Fig. 7 being a section along D.B.E. 
Fig. 8 being the horizontal section of the preceding. 
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It is composed of a chamber or laboratory (20), with circular section, 
presenting: a door for charging (21); a channel (22), by which it receives 
the crude metal coming from the reducer; a tap-hole (28) for the metal 
(24); a tap-hole (25) for the slag (26). 


The heating is accomplished by electricity transmitted to the liquid 
bath by two electrodes (27) passing through the top or through the lateral 
walls. These electrodes, which carry the current, may be either vertical 
or inclined in position. 


Figs. 6, 7 and 8 show the arrangement which appears to us to be the 
best for the metallic enclosure of the regulator, and for the refractory 
lining; it is well to draw attention to this arrangement of the metallic en- 
closure, the circular form of which is characteristic, allowing a very 
simple, economical, strong construction, and reducing the running’ ex- 
penses to a minimum, owing to the strength which this arrangement gives 
to the refractory lining; the lower part of the furnace, of sheet iron, rests 
flat upon the ground, and cannot be deformed; the vertical enclosure is a 
cylinder of sheet iron, strong from its very form, and further reinforced 
at its two extremities; at the bottom by its being joined with the sheet- 
iron plate; at the top by a wide hoop (30), (Figs. 6 and 7), designed to 
support the whole thrust of the arched roof. 


The roof consists preferably of a single piece of refractory material. 
If one considers the purity of the steel and its complete separation from 
the slag, the immobility of the regulator, with its discharge for the metal 
below, presents a great advantage over the Bessemer converter, the oscil- 
lation of which and the fact that the discharge is above, are perceptible 
causes of variation in the composition of the steel. All people of the 
trade know, in fact, the bad effect of slag mixed with steel, whether in an 
infinitesimal form, when it arises from direct oxidation of the metal, or in 
the form of almost imperceptible droplets scattered by agitation through 
the sticky mass from which they cannot be separated. For special steels, 
and steels of great purity, which should be expected of electric smelting, 
it is essential to avoid stirring the metal falling on the slag; such as occurs 
when the contents are poured out from the mouth of the converter; and if 
it is not possible to obtain the sharp separation which is obtained in the 
crucible, we must at least seek means of pouring which will allow the larg- 
est mass of metal to be run into the ladle before letting any slag into it. 


Refining Process in the Regulator. 


The refining in the electric regulator resembles that of the Martin 
furnace; it differs from it, however, in several points, which it is inter- 
esting to set forth in a general way before examining the process of an 
isolated operation :— 
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1st.—The regulator, with circular horizontal section, facilitates very 
much the work of the operator on account of its simplicity, the 
resistance of its metallic enclosure, and of its refractory lining. 


2nd.—The high temperature which is made use of, and its direct ap- 
plication to the mass which is to be heated, enable reactions to 
take place which are almost impossible in the Martin, where the 
maximum of heat is deflected toward the walls, which resist 
with difficulty. | 


3rd.—The means used in the Martin for the refining and purifying 
of the crude metal are: 


For oxidizing processes: on the one hand, oxygen, with the 
carbonic acid and aqueous vapor, which are unfortunate- 
ly contained in the gases of the furnace, and the propor- 
tions of which are not variable at the will of the opera- 
tor; on the other hand, oxides of iron, oxides of man- 
ganese, lime, and other additions, regulated at will. 


For reducing processes: on the one hand, all substances hav- 
ing affinity for oxygen, silicon, manganese, aluminium, 
sodium, We., it being possible to add these to the bath in 
the pure state, or in the state of ferro compounds. 


The refining in the electric regulator can take advantage of all these 
agents, but the oxygen, carbonic acid and aqueous vapor, which it can util- 
ize, are fortunately not forced upon it, and this alone makes an enormous 
difference in the process of refining, and in the results which are to be ex- 
pected. 


We should point out, in the next place, that all these questions are 
very important, and that their study shows the essential character of ques- 
tions of a purely metallurgic order in the investigation which we are pur- 
suing, electricity entering only as heat-producing agent. 


Let us consider, for instance, the case of the removal of the carbon 
contained in the crude metal. 


The decarburization may be produced practically by oxygen, carbonic 
acid, aqueous vapor, metallic oxides, and especially by oxide of iron, oxide 
of manganese, oxide of calcium, &e. 


It is interesting to compare the decarburization of iron by the oxygen 
of the air and by the oxides of iron or ores. 


The two modes of operation differ entirely in the final result: 


The oxygen of the air, driven to the surface or to the interior of the 
liquid metal, burns at first the greater part of the elements more easily 
oxidizable than iron, among others the carbon, but before all the carbon is 
removed, it acts already on the iron, either by dissolving in the meta], or 
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by combining, and thereby gives rise to an infinite number of particles of 
oxides imbedded in the metallic mass, where their action becomes injur- 
ious; the metal then becomes hot-short, and if one examines a break by 
tension, one finds generally the appearance called “ wood fracture.” 


Oxide of iron in the state of ore acts on carbide or iron in a less ac- 
tive Inanner, retaining oxygen by its combination, and burning only the 
carbon with sufficient energy to destroy this combination. 


Decarburization by oxide of iron gives a better steel; it is necessary 
then to avoid direct oxidization by atmospheric air, when the quality of 
the product is the first essential; hence the inferiority of the Martin to 
the electric regulator, which can have air introduced if it be judged advis- 
able, but which is not inevitably always present. 


The superiority of the regulator is demonstrated again very clearly, 
when it is a question of producing a reducing action, desulphurization, for 
example; the gases floating above the metallic bath are naturally these 
reducers, if no other oxidizing agent is introduced from without, and the 
elimination of the sulphur can be easily brought about, while it is almost 
impossible in the Martin. _ 


The Refining Operation. 


The refining process varies according as the operation is performed 
on the crude metal alone coming from the reducer, on a mixture of pig 
and scrap, or on scrap alone. 


Let us examine the first case; the others offer no additional difficul- 
ties. 

In connection with the reducer B (see second part, Fig. 1a), two re- 
gulators may be employed, into which the crude metal flows regularly in 
proportion to its production; one of the regulators receives the metal 
(filling up), while the other brings the refined metal to the desired hard- 
ness ‘and composition. 


This arrangement of two regulators for one apparatus supplying the 
crude metal is shown in Fig. 1a (see second part). 


Let us suppose a single regulator with basic lining; the crude metal is 
allowed to accumulate in the crucible of the reducer (B) till a time when 
tapping becomes possible. 

Knowing the approximate composition of the crude metal, and the 
weight of the charge which is to be operated on, all the ore necessary for 
decarburization may be placed beforehand on the bottom, if, in order to 
obtain a better quality of metal, one does not require part of the oxidiza- 
tion to be accomplished by a jet of forced air. 

The crude metal, which we suppose to contain little sulphur, is pour- 


ed out in such a way as to fill rapidly the regulator up to about 10 centi- 
meters below the level allowed for the outflow of the slag by pipe (25); 
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then the crucible of the reducer (B) being empty, the hole is left open in 
order that the crude metal, in proportion as it is produced, may for some 
time continue to flow into the regulator. The slag coming from reducer 
(B) should be drawn off before it reaches the regulator, as is regularly 
done with the slag of ordinary blast furnaces. The refining begins at 
once under the influence of electric heat and of the ore, which changes 
the carbon of the crude metal into oxide of carbon; gradually the slag, 
which is formed, reaches the height of pipe (25), through which it flows 
out, its level being: raised gradually by the crude metal continuing to flow 
to the regulator. 


The carrying off of the slag in this manner is much simpler than in 
the Martin. 


The crucible of reducer (B) is closed when the regulator is filled with 
the desired quantity, and the refining now goes on to completion. 


Tests taken indicate the state of the metal and by additions, either 
of ore, or of carburetted substances, the required point is reached. It is 
desirable then to leave the metal absolutely motionless for some time, to 
bring about its reactions, and to separate it gently from the slag; tapping 
is then done as in the Martin, first into a ladle, then into conical ingot- 
moulds, where it is compressed by a process similar to wire-drawing, in 
order to avoid use of the reheating chamber. 


If, instead.of a pure carbon steel, it is desired to have the finished 
metal contain other elements having a definite influence on the nature of 
the steel, the operation is the same as in the Martin, with this difference, 
however, that there is less loss, the atmosphere above the bath and the 
bath itself having no oxidizing influence. 


If in place of a relatively pure crude metal, a considerable percent- 
age of sulphur is present, the operation should be modified by the addition 
of a reducing phase with slag, extra calcareous, or manganesian. This 
phase might take place after decarburization, but it is more natural to de- 
sulphurize at the beginning. Before the tapping of the crude metal, 
there would then be placed on the bottom of the regulator a desulphuriz- 
ing slag in place of oxidizing ore. ‘The addition of ore would be made 
only after the tapping of this desulphurizing slag. 


As to the nature of the steels produced in the regulator, it may be 
any whatever; all the additions of special substances are possible, and in 
all these cases the quality of the product will be superior to that produced 
in the ordinary Martin furnace, owing to the facility of maintaining above 
the bath a non-oxidizing atmosphere. 


To sum up, the process which has just been described, of passing 
directly from crude ore to refined iron, or to different classes of steel, is 
characterized by a preliminary fusion of the oxides, followed by a reduc- 
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tion, then by a refining of the metal, each of these three operations being 
done in a distinct apparatus, but the three apparatuses, like the three 
operations, being combined in such a manner as to form three parts of one 
single whole, the calories necessary to the three operations being supplied 
in part by the reducing matter, and the supplementary heat by three 
sources of electricity, one for each operation, which allows the use of cur- 
rents of relatively low intensity. 


We have shown the regulator (C) as being intimately connected with 
the two other apparatuses (A) and (B), but if necessity requires (B) may 
be left to produce the crude metal, the pig-iron, and (C) may be separated, 
treating directly in it entirely different substances. 


Economic Consideration of the Triple Furnace. 


It is interesting to study, at least approximately, the economy of the 
process, and to endeavour to emphasize more particularly: 


1st.—The utilization of the calories. 
9nd.—The electric energy required per ton. 


3rd.—The net cost compared with that of ordinary steel works. 


tst. The Utilization of the Calories. 


1st.—Let us suppose a charge to contain per ton of pig iron: 


ULC OMe ate vaste ea A ae a 190 Kgs. ) 
AME CURIV SENG) tate eee ce OMY ele oC rath Ean 
Jiitiies ari ciehl ao westale yi ae OURe oy 340 “ \ =1,944 Kgs. of 
Tron teat te ae ey en Ar aN an 935 “ f oxides to be melted 
NANO RIVE Se rere revs tenant Sl) Met Ret ac: Wate banca 
Ora Som Ole LOLOL ER HWE ake yen isan nO, AE 
VVLAICIN pire OA ieee mals ek Set coats a taN 126 “ to be evaporated. 
Carbonic acid of the carbonates..... 250 “ to be separated and 
volatilized. 
RC aul Be seer ay we ane ere 2,320 Kgs. 


which ought to give, after calcination, fusion and reduction: 
On the one hand, 1,000 kgs. of pig iron or crude metal. 
On the other hand, 570 kgs. of slag. 


Of which 535 kgs. are derived from the charge properly so called 
above, and 35 kgs. from coke or other reducing matter. 


9nd.—The pure carbon or reducing agent to be placed in shaft (10) 
per ton of pig iron will be 325 kgs., to change into carbonic oxide the 430 
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kgs. of oxygen contained in the ore, say, 3860 kgs. of coke, allowing for 
about 10% of ash. This coke adds 85 kgs. to the weight of the slag to be 
melted. | 
3rd.—Before determining the schedule of calories, it is necessary to 
ascertain the losses by radiation in each part of the triple furnace. 


Mr. Gruner allows for loss by radiation in the ordinary blast furnace 
444,000 calories per ton of pig iron. The present apparatus, presenting 
relatively more surface, will lose at least as much, let us take, in round 
numbers, 450,000 calories, which will be distributed almost in equal pro- 
portion among the three parts of the apparatus, say, 150,000 for each. 


Schedule of Calories in Smelting Furnace A. 


Calorves necessary for the calcination and fusion in shaft (1) and 


melting chamber (3) :— Calories, 
For vaporizing 126 kgs. of water given off at the throat at about 
100° :— } 
OT sips anh 0) LOR nay Cur tei cele, wombat: aN LEAP 76,356 


For dissociating 250 kgs. of carbonic acid from the bases with 
which it was combined (250 kgs. of carbonic acid corres- 
pond to 568 kgs. of carbonate), say, according to Gruner: 
Sete dhe qs Wor 5] Uneasy men aN Rema re gcrt tylane Nyse gy OI Et 212,148 
For heating these 250 kgs. of CO, to the temperature at which 
gases are given off, 100°, say :— 
2D OK O12 ed CORO Coe ia pal ee came an aie et en ea eras © 5,250 
For heating to 100° the 2,100 kgs. of air necessary to change 
into CO, all the CO produced by 325 kgs. of carbon, say, 
2,100 VO BOT OOS oi. Nev clavaient tae Ope eae Sea cts 47,670 
For heating to and melting at a temperature of about 1,500° 
the 1,944 kgs. of various oxides corresponding to one ton of 
pig iron, and admitting (according to Gruner, pp. 337, and 
following of vol. 2) that the calories contained in 1 kg. of 
oxides or slag melted at 1,500°, are 500 calories, say: | 
{DAA BOO Choke ee et peu te nO eh ne rege 972,000 


For iéxtetnal radiation! oes era) bene see ater eae 150,000 
Total calories necessary in the smelting apparatus....... 1,463,494 


Production of necessary calorves in shaft (1) and furnace (3): 


The CO arising from reduction, and corresponding to 325 kgs. of C, 
weighs 758 kgs.; it reaches 1,500° in the smelting apparatus, where it 


gives off :— 
1st.—By its combustion : | Calories. 
POS. SOO CAOO ecto ea Oe fate ne 1,819,200 
2nd.—By the lowering of its temperature from 1,500° to 
HOOR 
158 SO D4 ce 00 bey Sees ae enna 254,688 


Total calories given off in the smelting apparatus by the CO.. 2,073,888 
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This number being greater than the calories necessary in the smelt- 
ing apparatus, the electric current directed along the base of melting 
chamber (38) will be in operation only in case of incomplete combustion of 
the CO, and in ease of an irregular descent or melting of the ores: 


Schedule of Calories in the Reducing Apparatus B. 


Calories necessary for reduction : 


For reduction (according to Gruner, vol. 2, p. 339), the heat absorbed 
for reduction corresponding to 1 kg. of pig iron, is 1,984 calories. Say, 
then :— 


Calories. 
MOOO Re LO Saas: Ba aioe Mas me ne Ria Ds tabs (Were tate Re hag 1,984,000 
To heat to 1,500° the 325 kgs. of reducing carbon, say: 
Nd! CDE LEL odd 2 NI ite, per 20, Jake a UE DR PR EARL Cer ae  verigiarn 117,000 
To melt the 35 kgs. of ash, say: 
Te UAE GSI. et ee aaa ee NR AA ea fn AR 17,200 
UGG TEA GTI SCOP EME Bice Joy 0 6 aR REN AC nae ee ae Tee 150,000 
oraibealonies Necessary (OK, eure eM ele eg 2,268,500 
Production of calories necessary for reduction : 
The 325 kgs. of C changing into CO by reduction give off: Calories. 
SSB UNONUS RUNG ICE 2 AM a6 ghia (PUM aD a De 780,000 
The calories necessary being 2,268,500, electricity should sup- | 
ply the difference, say...... yah IBA OUR aan UC Gera ta tsn nM 1,488,500 
Schedule of Calories in the Regulator C. 
Calories necessary for refining :— 
To bring the crude metal from 1,500° to 1,800°, say: Calories. 
TOS) S308) SOE ROL caaacie CANOE a rey Aaa Sst ae Rc 36,000 
To make and melt about 300 kes. of slag, say :— 
TOY Sa A Ua, Wa UU RU eed LR STU RU veo A ART Dee OL SUA A 150,000 
To compensate for the different reactions which are produced 
slowly, and the calorific effect of which cannot well be de 
Fe rd ak a OLAS al Sean UN EN, ana Sdm 200,000 
(LL ags aed Ta OR OMB BI LPB REE IOC: A ae CARES MR a A 150,000 
ota kot necessary Calories. we ahs umn. pteaie dustin Abate 536,000 


Production of calories necessary for refining : 


The production of the necessary calories is to be derived entirely 
from electricity, which should furnish 536,000 calories, Calories. 
Seay hoe Mr ROae 2s 6 St Wea Rat © CE a a By ae? Ao 536,000 
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General Schedule. 
The general schedule is established as follows :— 


Calories neces- | Calories given Calories to be 
sary for | ton of | off without elec- derived from 
metal. tricity. electricity. 
1. Melting ‘apparatus...... 1,463,424 YO pe Mat ore ceil meptay Gie ieee 
2. Reducing Sats Mba ce 2,268,500 780,000 1,488,500 
3. Refining MEN fpr ie es hae FSO OU iluoe stoners aeons: . 536,000 
LL OGAIS Co eave oer emanate on LOO ek 2,853,888 2,024,500 


2nd. Electric Energy Necessary per Ton of Steel. 


It is interesting to calculate in horse-power the electric energy em- 
ployed in each of these apparatuses. 

1st—In the melting apparatus electricity plays only a secondary part, 
useful only as a regulator of heat. 

2nd—-In the reducing apparatus electricity ought to furnish 1,488,500 


calories for each ton produced, and if we have in view the production of 
one ton per hour, it is necessary to have per second: 


1,488,500... 
ee a ealories 
or, in theoretical horse-power: 
415 x 425 Kg./m. 
Se i 
3rd—In the refining apparatus electricity should furnish 536,000 
calories, and if we have in view the production of one ton per hour, there 
will be required per second: 


p< O27 
a. = 150 calories (about) 
or, in theoretical horse-power: 
150 x 425 Kg./m. 
ee es 
say, about 1,000 horse-power, because bringing the metal to the desired 
state entails loss of time corresponding to loss of heat. 


= 2340 horse power 


= 850 horse power (about) 


3rd. Net Cost Compared. 


It is interesting to make, from an economical standpoint, a compari- 
son between the new process and those in actual use for the manufacture 
of steel, allowing for coke the price of 25 frs. per ton, and for 1,000 elec- 
tric calories the price of 0.01 frs.; these prices are almost exactly those 
actually existing in the region of the French Alps. 
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In the triple furnace we produce one ton of finished steel with: 


Frs. 
SOUTKOS MOM GOera ty OLES I EDULOT i dtu is.) slew chon eat 9.00 
2,024,500 electrie calories, at 0.01 fre. per thousand. ..:.. 5, .’. 20.24. 
UNO U mm ie tear aN ar Nite Seat ay oc! Linh aya NMenas ae LN 29.24 


We replace these 29.24 frs. by: 1st. the coke of the ordinary blast 
furnace, say, 1,000 kgs., and all the machinery (boilers, engines, hot-air 
appliances) necessary for its combustion. 2nd. The coal used in the Sie- 
mens-Martin furnaces, say, about 500 kes. on the average, at 25 frs. per 
ton. 


Frs. 
TOOOKessOmcoker al Josie: DEM FON wick eiiers ane: 25.00 
Nischineryan athe bls TUrnACesy. 2 4. cee ale oles 5.00 
Coal PoU0 heaters Del FON. Saigon a ariee lah 12.50 
Ast a ae Uae teen pein ar 49,.50 


While admitting that the new process entails the same amount of 
labor and the same accessory machinery as the old blast furnaces and the 
Martin-Siemens’ hearths combined, we see that it produces steel at a sav- 
ing of 42.50 — 29.24, say, 13.26 frs. per ton. 


Competition with the old process is, therefore, possible. 


The reduction of solid oxides by carburetted gases, with supplemen- 
tary calories produced by electricity, will form the subject of a second 
part. 


Fig. 7 
General Section of Triple Purnace for Electro- 9 
Metallurgy of Iron 
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IRON." 


BY HENRI HARMET. 


SECOND PART. 


Reduction of Solid Oxides by Carburized Gases. 


I.—General Considerations. 


The ordinary blast furnace is a perfect apparatus for reducing solid 
oxides by means of carburized gases, when the heat necessary for the dif- 
ferent reactions is produced by the reducer itself; the fuel being charged 
in a solid state, and changed into reducing gas by partial combustion, un- 
der the influence of the air in the lower part of the apparatus. 


In seeking to produce the same reactions by using the electric cur- 
rent for the production of the necessary heat, without referring to the 
calories furnished by these reactions themselves, it is natural to think at 
first of using the old form of the blast furnace, by conveying to the cruc- 
ible sufficient electric energy to replace the calories which the combustion 
of the solid fuel would have given, and by introducing through the charg- 
ing orifice the quantity of reducing material strictly necessary for reduc- 
tion. But two very decided objections to this course are encountered. 


The first is, that reduction will not take place under the influence of 
the reducing agent, which is solid and which remains solid, or at least the 
reduction will be very imperfect. 


The second is, that if reduction could take place in presence of the 
solid reducer, this action would still be prevented by the lack of the neces- 
sary temperature; the excess of electric heat in the smelting crucible 
being unable to ascend into the upper parts of the shaft, owing to the lack 
of a conductor, or of a medium having a tendency to rise, and possessing 
the property to take up heat in the lower part of the furnace, which heat 
it would give off in the upper part. 


©“ From the French. 
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Therefore, the application of electricity as a source of heat in a re- 
ducing and smelting apparatus, such as the old blast furnace, requires a 
radical modification in the form and in the running of the apparatus. 


It is not only sufficient to replace by electricity the action of coke, 
which formerly supplied the supplementary and indispensable heat; but 
it is further necessary: 1st..To give to the calories which the seein 
is to produce in the crucible the power of ascending in the shaft at least . 
in part. 2nd. To change the reducing carbon, which we still charge in a 
solid state through the furnace-top, into a reducing gas, since in a solid 
state 1t cannot act. 


Further, if we take into account the conditions required by the pasty 
state of the ores, and by general economy, we reach the arrangement re- 
presented by Figures Nos. 1, la, 2, 3, 38a, 4, 5, 6, 7 and 8. 


This complete apparatus utilizing electric calories, and converting 
raw ores into finished steel will be, as a whole, designated by the name: 
“ Hlectric furnace for the electro-metallurqy of vron or rts compounds” ; 
the different parts of the plant will have distinct names, such as are given 
in all metallurgic apparatuses. 


IIl.--Description of the electric furnace for the electro-metallurgy of 
iron or its compounds. 


The electric furnace comprises, as a whole :— 


1st. A first part, where are performed the drying, roasting and cal- 
cining of the oxides, or other substances charged in the crude state; we 
shall call it the “ Calciner.” 


2nd.—A second part, where the reduction of the oxides and the fusion 
of the more or less crude metal are accomplished; we shall call it the “ Re- 
ducer.” 


3rd.—A third part, into which the crude metal flows in a liquid 
state from the reducer, and is there brought to the desired point; we shall 
call it the “‘ Regulator.” 


Fig. No. 1 and Fig. No. la are general plans. 


Fig. No. 2, a horizontal section through the axis of the electrodes, 
through the axis of the tap-holes for the metal and the slag, and through 
the axis of the holes for the insufilation of gases. 


Fig. No. 8, a vertical section on XY through the axis of the reducer, 
through the iN -holes for the metal, and one of the tuyeres. 


Fig. No. 8a, same section on a larger scale, showing the lower nee 
of the apparatus. 


Fig. No. 4, a vertical section on ZO, through the axis of the reducer, 
through the tap-hole of the slag, and the second tuyere, so far as concerns 
the reducer, and falling on Z’O’ in the ealciner. 
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' Fig. 5, a vertical section of the lower part on UV, through the axis 
of the Pochicee and through the axes of the two veeipades 


Figs. 6, 7 and 8 give the details of the regulator. 


To describe the process of metallurgy, and the apparatus which per- 
mits its application, we shall follow progressively the different phases 
from the charging of the ore to the tapping of the steel. 


Operation of the Apparatus and General Conduct of the Process. 


“ 


1.— Calciner. 


All the raw materials, except the coke, are placed in shaft (1) of the 
calciner in the desired proportions and in successive chargings. Owing 
to the heat furnished by the blow-pipes (2), and because of the form of 
the calciner, these substances become gradually heated, reaching a red 
heat in the narrow part (3), and are calcined, losing successively hydro- 
scopic and combination water, carbonic acid, and all volatile matters. 
They sink down and, still red hot, reach the base (4) of the calciner, where 
a plunger (5), with alternating movement, feeds them at the desired rate 
of discharge into chutes (6) or (7), Laan they pass to-“ chargers” (8) 
or >: 


To obtain this result, the interior of the calciner presents the form 
shown by the vertical section (Fig. 4). This form is widened out in the 
upper part in order that the substances may heat slowly, as is suitable for 
drying; it is narrowed half way up in order to give great increase of heat, 
and so that the substances may attain a uniform temperature; then, 
again, gently widened below, in order to allow the charged materials to 
assume their natural slope and leave a space (10), to allow for the com- 
bustion and distribution of the gases escaping from blow-pipe (2). 


The base (4) may be inclined or not but for economical production in 
the calciner, and in order that its progress may be continuous with that 
of the reducer, it is necessary that the substances, which reach base (4) at 
a red heat, should flow out proportionately and regularly into chargers (8) 
or (9), giving place constantly to new descending material. For this pur- 
pose, there is placed, externally, a shaft attached to a wheel (11), giving 
an alternating movement back and forth to a cast-iron plunger, which 
penetrates, by an opening (81), of the same diameter, into the calciner, a 
short distance above base (4). At each alternate movement, this plunger 
drives a certain quantity of calcined substances into chutes (6) or (7), and 
the proportion of these substances thus discharged in a definite time varies 
with the speed of piston (5), and with the number of revolutions made in 
this same time. 


The calciner shows around its crucible, or lower chamber, several 
openings, which are without any communication with the outside atmos- 
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_ phere; the openings (2) by which the gas blow-pipes penetrate; opening 
(31) for the action of plunger (5); opening (29) leading to the chutes (6) 
and (7). 


These openings do not allow the gases resulting from the action of 
the blow-pipe to escape, and all the rest of the lower chamber being clos- 
ed, these heat-imparting gases are forced to take an upward course through 
the substances above, heating them, and finally escape by the top. 


This closing in of the crucible is characteristic of this calciner. 


The valve (18), pivoting on its axis (14), allows the substances escap- 
ing from the calciner to be directed alternately into one or other of the 
chargers (8) or (9), through chutes (6) and (7). ‘These chutes are con- 
duits, inclined in order to facilitate the sliding of the substances, but they 
are completely closed except at the two ends, where they lead, on the one 
side to the calciner, on the other to the chargers, without having any com- 
munication whatever with the external atmosphere. 


The charger (No. 8, for example) is a metallic chamber, lined with 
fire-bricks in the Tanto and may be closed above and elon by slide- 
doors (15) and (16). 


Pipe (6) connects this charger with the lower chamber or crucible of 
the calciner, and when valve (13) is turned as Fig. 1 indicates, the slide- 
door (15) being open and (16) closed, the calcined substances fall into 
charger (8) in proportion as they are forced by plunger (5). 


When charger (8) is full, valve (13) is turned in order to make the 
ealcined substances flow into charger (9); then, slide door (15) is closed, 
and on opening (16) all the contents of (8) fall into the reducer. 


The next charging will come from charger (9) through a similar pro- 
cess. 


This arrangement of the two chargers allows the substances coming 
from the calciner to be kept heated, and to be brought into the reducer 
without any perceptible loss of the gases through the opening, because of 
the slide-doors (15) and (16). 


As the reducer is the part of the plant which requires the greatest 
amount of supplementary heat from electricity, it is a great advantage to 
charge it, through its opening, only with calcined and hot substances. The 
ores and fluxes come from the calciner, calcined and heated; the reducing 
carbon, (generally coke), passes through heater (17), where it is subjected 
to the heat produced either by the flames escaping from the “ regulator,” 
or by one or several blow-pipes fed with gases collected at the top; the 
eoke thus loses its humidity, and by the aid of doors (18) and (19), it is 
made to fall into the reducer by successive charges, in a manner similar 
to that described for charger (8). 
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Chargers (8) and (9) and heater (17) supply through the opening of 
the reducer, ores, fluxes and coke in the desired proportions, and at a high 
temperature, after drying and calcination. 


2.— Reducer. 


All the materials thus charged descend mixed, in the interior of the 
reducer. During the descent the oxides are Sate then, in the crucible 
the whole assumes a molten condition. The metal “AN i slag separate, 
the metal flowing on the one side into the regulator, and the slag flowing 
out on the other side as waste. 


To reach this result by the use of supplementary heat produced by 
electricity, it is uecessary that this reducer should have special features. 


We shall examine successively the descent, the reduction, then the 
fusion, stating precisely the characteristic features which are recognized 
as being necessary for carrying on successfully each of these operations. 


Descent of the substances 


The materials charged hot in the furnace-top increase in tempera- 
ture; slowly at first, because of the reduction which absorbs the heat; but 
lower down the heat increases, and the minerals, having become sticky 
would have difficulty in descending if the shape of shaft (28) did not faci- 
litate their movement. It is necessary that the section of the shaft should 
become larger according as the descending materials become warmer, 
more pasty and sticky; hence the widened form indicated in 
(Figs. 3, 4, 5) by curves Mand N. ‘These lines, widening gradually from 
the top to the bottom of the shaft of the eee are a characteristic of 
the apparatus. 

Reduction. 

The reduction of the oxides should take place in the shaft or upper 
part of the reducer; the fusion alone occurring in the crucible, or lower 
part. 


Now, the solid oxides, mixed with the solid coke, react on each other 
but slowly, and the-reduction could not be completed by the time the 
materials reach the zone of fusion if there were not brought into the shaft 
a reducing gas, oxide of carbon, causing the reduction to take place where 
it should, that is, in the shaft itself. 


For this purpose a certain amount of the gases, which are given off 
from the furnace top, is introduced into the interior of the reducer, and 
rises upwards through the solid material. These gases, the greater por- 
tion of which is oxide of carbon, are drawn through flue (32) by the 
blowing engine (33), and introduced at hieh pressure through flue (34) 
into the crucible, a little above the slag, which they reach by outlets (35) 
and (36). These gases, meeting in the crucible and above it incandescent 
coke, are completely converted into oxide of carbon (the CO, giving 
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2,CQO); they thus become an exceedingly active reducing agent, and de- 
velop this action in the shaft, where we wish the reduction to take place. 


We note as a characteristic of the process this piping of the gases 

at the furnace-top in ordér to blow them into the crucible, to change them 

completely into oxide of carbon, and to produce with pen a very strong 
reducing action in the shaft. 


The gases taken at the furnace-top and introduced in this way still 
serve another purpose. 


If we admit, as should be the case, that the eta which descend 
in the shaft ee the crucible Serapletely reduced, they will be incapable 
of giving off any gaseous ascending matter. If, ey we observe that 
the electric current transmits its heat to bodies which offer a resistance to 
its passage, without, however, producing gaseous emanations, we recog- 
nize that the calories thus given off by electricity in the crucible would 
have no rapid means of entering the shaft where we require them to help 
in the reduction. Some means are then needed to transmit to the shaft a 
part of the calories which the electric current gives off in the crucible. 
The gases taken at the furnace-top and blown into the crucible constitute 
this means which we need of conveying the calories. : 


In order that the circulating gases introduced into the crucible may 
penetrate the ore and reach all the fragments to be reduced, there must 
be a large surface presented to their action; they must be able to circulate 
freely around the column of ore, and fill all the interstices which they can 
enter; it is for the purpose of facilitating this infiltration of the insufflated 
gases that the crucible of the reducer shows on its lateral walls the widen- 
ed form indicated by Figs. 3, 4 and 5, leaving in (36) an annular space 
where the gases are collected, in order that, from there, they may pene- 
trate the column of solid material. 


In order that the gases, blown into the annular space (86), and from! 
there into the column of solid materials, may bring about reduction in all 
parts of the shaft we must facilitate their ascent through the middle of 
the solid column by grouping in the centre of this column most of the large 
pieces, which will have between them wider spaces than the small ones for 
the circulation of the gases; it is for this purpose that at the furnace-top, 
the coke is charged in the centre, and the ore at each side; the slope form- 
ed by each charge of ore brings the larger pieces to the centre. 


We should also note that the shape given to the shaft, with horizon- 
tal cross-sections increasing from top to bottom, is well suited for the pur- 
pose of reduction. Reduction, indeed, absorbs heat and requires that the 
oxides and reducing agents should be in close contact, and besides, the cir- 
culating gases, which ascend from the crucible, bringing with them re- 
ducing energy and calorific energy, require, in proportion as they weaken, 
to concentrate their remaining energy into spaces more and more limited. 
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This shape, widening from the top to the bottom, is then equally in- 
portant for successful reduction. 


Fusion and Special Features of the Crucible. 


Fusion is one of the principal operations of the crucible, but it should 
also: Ist. Supply the supplementary heat which the circulating gases are 
to carry up into the shaft. 2nd. Allow the development of all these 
calories by the electric current. 38rd. Separate the crude metal from the 
slag. 4th. Allow the crude metal and the slag to flow out, either continu- 
ously or by small successive tappings. Each of these operations requires 
for the crucible special features, which are so many characteristics of the 
apparatus. 


The development of heat for fusion in the crucible, and of those sup- 
plementary calories to be conveyed into the shaft, requires great electric 
power; and if the production is to be relatively great, it is well to divide 
the total electric energy considered necessary, in order to avoid the diffi- 
culty of transmitting by one single electrode currents which are too in- 
tense; 1t 1s necessary, then, to have for the crucible a diameter which is 
large compared with the upper shaft, in order to have room to place on 
the circumference a large number of electric conductors, and for this ad- 
ditional reason, we would have had to give to the crucible the widened 
form represented by Figs. 3, 4 and 5, if we had not been obliged to do this 
for the circulating gases. This widened form of the crucible is then em- 
phatically a characteristic of this reducer. 


The total electric energy may be applied by a single set of electrodes, 
or may be divided up into a great number of distinct currents; we consi- 
der it preferable to divide up the energy, and the crucible of the reducer 
is so arranged as to allow for this division. Fig. 2 shows a desirable mode 
of placing the electrodes (37) for four distinct currents, although any 
other division may be adopted. 


In order that the electric energy (transmitted by one or several dis- 
tinct currents), may develop in the crucible all the heat which it is capable 
of producing, the electrodes must remain constantly in contact with slag 
(38) if regularity in the production of heat is desired; the slag, offering 
resistance, will absorb the calories to transmit them, on the one hand, to 
the crude metal which drips through it from above and accumulates be- 
low; on the other hand, to the circulating gases which, impelled by their 
velocity, play over the surface of the liquid bath. 


In order that the electrode may come in contact with the slag with- 
out having an exaggerated length, it is necessary that the opening by 
which it enters the crucible (Fig. 5) should be a short distance from the 
base of the crucible. It is well also that this opening should be, not in 
the vertical walls, but near the top of the crucible, in order to give it a 
position as nearly vertical as possible, such a slope being advantageous in 
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order to more easily reach the slag at its different heights. Consequently, 
the upper edge of the crucible (or point B) should not be far distant from 
the floor; as a result of this, the whole crucible takes a form with low ver- 
tical walls, which, together with its relatively great horizontal width, gives 
it a depressed form, as represented by the section in Fig. 5. 


_In order that the electrodes may remain almost constantly and even- 
ly in contact with the slag which produces the heat by the resistance which 
it offers to the current, it is necessary that the variations in the height of 
this slag should be but slight, and if they occur at all they should do so 
but rarely. | 


This condition is fulfilled: 1st. By a erucible with a wide horizontal 
cross-section, in which the variations in the height of the liquid bath are 
less perceptible. 2nd. By making the tappings for both slag and metal 
as constant as possible, and when it is necessary to drain the crucible of all 
the metal, small tappings should be resorted to in such a manner as to 
render the variations in height as small as possible. 


The separation of the slag (38) from the metal (39) and the con- 
tinuous discharge of each of them when possible are obtained by arrange- 
ments as shown in I"igs. 3 and 4. 


For the metal (39), a heap of bricks or sand (40), forming a casing 
for the fore-hearth (41), gives the means of regulating the height (11) of 
the channel by which the crude metal will flow out constantly, and in pro- 
portion as it is produced, into the regulator (20); this height (11) regulates 
the level (S.8S.) of the crude metal in the interior of the crucible, taking 
into account the pressure exercised by the slag and the gases. 


For the slag (88) a constant flow with a Liurmann pipe (42) and a 
constant level (R.R.) are obtained in a way similar to that which is em- 
ployed for the metal. 


These arrangements are very important to secure an almost constant 
level for the slag. 


The thickness (KX) of the slag (88) above the metal (89) should be 
kept sufficiently great to allow the carbon to have considerable variation 
in height without being unduly exposed either to penetrate the metal or 
leave the slag. 


To insure a regular and economical working of the reducer, such as 
is described above, it is necessary further to prevent any entrance of air, 
and to keep constantly under pressure the gases contained in the interior. 


For this purpose, at the top of the reducer two openings are designed 
for the escape of the gases of the furnace-top; they are distinct, separated 
from one another, and placed for example, one at each extremity of the 
same diameter (see Fig. 3). 
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The one (48) is designed for the circulating gases which, from there, 
pass into flue (32), and are introduced by the blowing engine (88) into 
the crucible (44), to eventually return to the furnace-top. 


This circulating movement can neither bring in any air nor change 
the equilibrium of pressure established at the furnace-top. 


The other opening (45) is appropriated to the gases which definitive- 
ly leave the furnace-top. To avoid an out-going current through this 
opening (45), which might induce a return current of air, the escaping 
gases are made to pass through a box (46), and can only escape by valve 
(47), into conduits (48) and (49), by raising this valve (47), which estab- 
lishes for them a constant pressure in the whole space included between 
this valve and the shaft of the reducer. Valve (47), which is fixed to the 
movable cap (50), is raised with it when the pressure of the gases is suff- 
cient; it is closed when the pressure is lowered. The pressure desired in 
the gases is regulated by the difference in level of the water in the chan- 
nel which forms joint (51), and this difference in the level of the water is 
established by the height of the overflow-syphon at point (52). 


This arrangement keeps the pressure of the gases at the furnace-top 
constant, and prevents any return current of air in the reducer. 


3rd.— Regulator. 


On leaving the reducer the metal flows directly into the regulator 
(20), where it is brought to the desired composition. 


The regulator is represented in detail by Figs. 6, 7 and 8, but we 
need not repeat the description given on pages 129 and 130 of our first 
part. 


The above description, although very short, explains sufficiently the 
working of the apparatus, and the course of the operations for changing 
crude ore into finished steel. 


It appears to us unnecessary, for the present to enter into greater 
technical details, but it is essential to study the general economy of the 
process. 


III.— General Economy of the Process. 


1st.— Nature of the gases escaping free at the mouth of the reducer; charges and 
methods of operating. 


Examination of Gases Leading to Two Methods of Procedure. 


Before proceeding to discuss the economy of the process, it would be 
interesting to examine the reactions which take place in the different 
parts of the apparatus, but we shall be as brief as possible, returning to 
this question later on. 


The reactions in the calciner differ little from what is already known, 
and we shall not mention them. 
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Those which take place in the regulator are very complex, and are 
briefly indicated in the first part, pages 130-134; a more detailed study 
would be a lengthy piece of work which we cannot at present undertake. 


There remain the reactions which take place in the interior of the 
reducer. « These comprise: 


1st.—The new phenomena, which in a regular working will, perhaps, 
in spite of all provisions, accompany the fusion of the metal, and of the 
slag, under the direct influence of electric heat; long experience alone will 
determine which of these phenomena can be avoided with a specified kind 
of ore, but at present we should recognize that, in the crucible of the re- 
ducer, it is better to demand from electricity only the energy strictly 
necessary for accomplishing the fusion of the crude metal with the small- 
est possible quantity of substances foreign to iron; and we shall aseribe to 
tthe regulator the function of bringing the steel to the desired composition 
by using electricity, the introduction of which at this point may permit 
of achievements hitherto unknown. | 


9nd.—The phenomena which accompany reduction proper under the 
influence of carburized gases; these phenomena have for a long time been 
the object of study on the part of metallurgists, more particularly of 
Messrs. Ebelmen and Gruner; we shall refer to these phenomena only in 
passing. 


3rd.—The modifications brought about in the reducing gases by the 
very fact of their forced circulation; this last point alone seems to us at 
present worthy of examination. 


The electric furnace presents, in its operation, an elasticity and a 
broad range, from which much advantage can be derived. Its method of 
operating varies, according as we attempt to use more or less completely 
in the reducer itself the heat-giving energy of carbon, by transforming 
it into CO or CO, Let us examine the two extremes, though all the 
variations between these may be adopted. 


1st.—The one aiming to produce CO is characterized by a greater 
consumption of electric energy, and by a greater charge of the reducing 
carbon; nevertheless, this method remains the most economical, because, 
using in the reducer only a small portion of the energy of the carbon, it 
transforms this completely into pure CO, thus giving it a greater value at 
the cost of electric energy, the calories of which are more economical with 
the great hydraulic plants which are used for their production. This pro- 
cess makes of the reducer a better gas-producer than any other known. 


9nd.—The other aiming at producing CO, is characterized by a 
diminution of electric calories, but a greater development of calories aris- 
ing from the carbon, which, in the shaft of the reducer, is changed on a 
large scale into CO,; this reaction gives rise to more calories than 
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simple conversion into CO, although the volume of gas developed is less; 
the CO, has no further latent power of producing heat and is allowed 
to escape to the outside. 

Composition of Charge. 


Let us apply these two extreme methods to the same composition of 
charge, the material used varying only in the quantity of carbon, and we 
shall take the charge already adopted in our first part (page 134), which 
contains per ton of crude metal :— 


OUCH ON, 9) Sal ee RMON Tia las erre alae 190 Kgs.) 

CUCU NLT ee ol aah ae rete le coe Re OL de 32 

Lime and Magnesia...;:..... 340 “. (1947 Kgs. charged into 

Ot arene ene OS rune uta aca Dray iit aily the reducer. 

Ue pee S Oy rae aun Len yan. tt bees 

Oxvoen Ol paeOne iMate 12): Ae een 

NGO Tics net amabay okie) vuanue hs - 126 © ) 876 Kgs.eliminated by 

CAM DOTLG ACO ay hetsa need peu sabes DOO RN calcination. 
ALOGep ener Une e ytnn wate 2,323 Kgs. 2,323 Kgs. 


The total should give, after calcination, fusion and reduction, on the 
one hand: 


1,000 kgs. of pig iron or crude metal to pass into the regulator. 


On the other hand: 535 kgs. of waste slag. To these 535 kgs., com- 
ing from the charge, we should add the ash from the coke, or as we shall 
see later: 


With the first method of proceeding, equals 35 kgs. of ash, giving 
570 kes. for the total slag. 


With the second method of proceeding, ae 25 kgs. of ash, giving 
560 kegs. for the total slag. 


2nd.—First Method of Proceeding. 
Examination of Gases Produced in the First Method of Procedure. 
(Production of pure CO.) 


We aim at changing all the carbon into oxide of carbon, which can be 
utilized as combustible gas, outside of the reducer, after having accom- 
plished complete reduction. 


To change into CO the 433 kes. of oxygen of the ore, we require 325 
kes. of pure O, or 860 kgs. of coke; the total weight of CO produced is the 
sum of the two, equals 758 kgs., and there will be no other gases in the 
reducer, since, of all the material charged, after a calcination which is 
supposed to be complete, the reducing C and the oxygen of the ore are 
the only ones which can change into gas, at least in appreciable asia 
and under the given circumstances. 
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In this method the mouth of the reducer is kept at a temperature of 
500°, and the material coming from the calciner is charged at this same 
temperature to avoid cooling. The gases blown in from the top into the 
crucible are made to circulate rapidly in order to convey a greater number 
of electric calories into the shaft, where the carbon does not give off the 
full quantity of heat which the metal requires for its reduction. One kg. 
of oxygen, in fact, combining with CO to give CO,, gives off 4,200 cal- 
orles; the same kg., while being separated from iron, absorbs about 4.300 
calories. 


To study the function of the circulating gases, let us take them at 
their exit from the top of the furnace, when they are passing into the 
crucible, and let us follow their course to the interior of the apparatus. 


Leaving the furnace-top, they are in a great measure composed of 
CO, but contain a little CO,, for the CO, produced by reduction does 
not entirely disappear; however, they contain very little, and so much the 
less in proportion as their circulation is more rapid. With a circulation 
carried to an extreme rapidity, they would finally be composed of pure 


CO. 


Let us observe, on the one hand, this large volume of CO, and on the 
other hand, the small quantity of CO, accompanying it. 


As soon as it enters the crucible, the CO, changes into CO by gon- 
tact with the solid incandescent carbon, and each kg. of C contained in 
this CO, absorbs, by this transformation to CO, 5,600 calories, while 
the 1 kg. of solid carbon, combining with it to form CO, gives off only 
2,400 calories, the difference, 3,200, represents the calories supplied by 
electricity for the first reaction, and conveyed to the upper parts of the 
shaft. 


After this immediate transformation of the small quantity of CO, 
the gases rising from the crucible into the shaft are composed solely of 
pure CO, and passing through the electric zone, they become physically 
charged with the supplementary heat which they will presently need. 
This great reducing energy, accompanied by the necessary calories, rapid- 
ly transforms the oxides, producing a metallic sponge which will fuse in 
the lower zones, giving rise to a quantity of carbonic acid, corresponding 
to the O which was contained in the ore. 


Owing to the excess of calories brought by the circulating gases, the 
temperature, even after reduction, still remains sufficiently high to change 
into CO a large part of the CO, newly formed, and when the volume of 
gases, including those of circulation blown into the crucible, added to the 
new ones produced by the reactions in the shaft, reaches the furnace-top, 
the amount of CO, which it contains is in inverse ratio to the degree 
of the temperature. Let “ A” represent this small proportion of CO» 
contained in the gaseous mass when it reaches the top. If-we take half 
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the total gases for purposes of circulation, we shall then take the half of 
“ A,” which, blown into the crucible, will there be changed into CO, and 


finally the gases set free escaping from the top, will not contain more than 
A 
“9° 

The proportion of CO,, contained v1 the gases set free, decreases, then, 
with the velocity of the circulation and with the increase of temperature 
at the top. 


To sum up,! this process aims at the production of pure CO at the top 
of the reducer. The efficiency reaches its maximum when the quantity of 
CO, is reduced to a minimum. 


The high or low efficiency of the method is, therefore, determined by 
the tenor of CO, 


To regulate this method, and to keep it in proper equilibrium, the 
operator takes into account: 


The temperature of the material leaving the calciner. 


The proportion of coke added to the charge. 


The velocity of circulation of the gases, which allows of varying the 
temperature at the top according to the excess of calories reaching it. 


It is well to state here that as in this process the gases which collect - 
at the top are composed of almost pure oxide of carbon, the electric re- 
ducer constitutes the best gas-producer known in the industrial world. 


M. Leverrier admits, in fact, that in presence of atmospheric air, we 
obtain the following combustion temperatures: 


RVAEDE OU re; CATOOl mei nals caro peters Womans ae ie about 2,716 degrees. 
WW ithepureroxtde.ohcarbon fone. <a. am Seer OMe Une 
Wat hipauteahy drogen Sinton mst ciy auntie Te ae LOM ae: 


What is called water-gas would, therefore, give, by its combustion, 
a temperature lower than that of the gas produced by the reducer. 


Thermic Schedule (First Method of Proceding). 


We shall first establish for each part of the apparatus the thermic 
schedule of calories, that is, the comparison between the calories neces- 
sary for the reactions and the calories which we have at our disposal to pro- 
duce these reactions :— 


Note.—(a) In this examination, we shall admit the following data, 
the greater number of which are taken from Mr. Gruner’s work on metal- 


lurgy :— 


152 


1 kg. of liquid pig-iron contains..... 300 — eals. 
1 ke. of liquid: slag contains. 7 v8 A. SOOM aS 


1 kg. of pig-iron requires for reducing 

the corresponding oxides (the 

figure is rather high, we believe). 1,984 " 
1 kg. of C changing into CO gives off. 2,400 ee 
1 kg. of CO changing into CO, gives 


Aya a cg oo Fenty ane eS) nik onl cade 2,400 i 
: 1 kg. of C passing from CO to CO, 
CLV SOLD Ea aati hci ca MUR ety DO Magee 
1 kg. of oxygen passing from CO to 
OOS CV eS OLD. cet Sareea i ountits A200) 
Pike: of oxygen in separating from 
He Ova bearish cee coe nies ay heme 4,312 
1 kg. of carbonate requires for separa- 
Lest yeUray dc O70 Sap vmRearen eRe Alin teanp me Sas. Bho 
The specific heat of coke 1s.... 0.24 cals. 
i rita ty pais CON OLY AT ARG 
i iy WG SA Dia Wn (642 Tea 
x f cule Os i SO mae art 
e % EN eeinenlien ad (2028 SO 
i tf WOR nO SE has 


(b) Moreover, it must be remembered that: 


The gases arising from the calciner escape into the UA wit) 
a temperature of 100°, 


The solid substances produced by calcination fall into the shaft of 
the reducer at a temperature of 500°. 


The gases which escape from the shaft of the reducer are at 500°. 


The melted substances reach the crucible of the reducer at a tem- 
perature of 1,500°. 


The steel produced in the regulator comes out of it at a temperature 
of 1,800° (acknowledged to be rather low. ) 


All the following estimates apply to one ton of metal, and the ap- 
paratus is supposed to produce one ton per hour: 


I. Calciner, 


(a.) Calories required rn the calevner (and in the coke heater, (17) 
Fig. 3 and 4.) 
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To vaporize at 100° the 126 Kgs. of water contained in the 
charge : 
Calories. 
Uy ACs] O10 OO el ea er oat sam Od Ber er 76,536 
To separate from their combination 250 kgs. of carbonic acid 
(250 kgs. of CO, corresponding to 568 kgs. of carbonate): 
SMa 3 Tire 7010 pe UL Oe i Re EG 212,148 
To heat these 250 kgs. of CO, to the temperature at which the 
gases are allowed to escape : 
Die OU CANL SO ovis aay Nut ey Ate gl a 5,250 
To heat to 100° the 705 kgs. of air necessary for the com us- 
tion of 283 kgs. of CO, either for the purpose of calcina- 
tion or for heating the coke in furnace (17): 
POSS 2 Alex LOO cake WOME Nanay moe tate Uo are 16,026 
To heat to 500° the 1947 kgs. of solid substances discharged 
into the reducer, (their temperature is brought to 1000° 
for calcination ; but they are then cooled and go out only 
at a temperature of 500°) : 


Ui Qon sO r9'4l tao UL spina) Ae NU Unie ang A rn 204,120 
To heat to 500° the 360 kgs. of coke: 

Oy eno OOM a Line maimicuaa a ta a Cia et ys 43,200 

OER CCL TEE LOGS re nue tae pokes van emaier Hina 150,000 
Total calories required in the FA Teil Me tag a ea ee a 707,100 


(b) Production of calories required in the caleiner : 


One kg. of CO taken at 500°, changed into CO, at the top of 
the reducer, then allowed to escape at a temperature of 100°, 


gives off: 
Calories. 
BViaits eCOMPUSTLON ph rare he niece 2,400 
By the lowering of its temperature : 
PS OND Cx neh OVcren Spee neupin ats pen oneaeton viens 96 
Obey seedits soley: sAeaore 2,496 
The calciner will require 283 kgs. of CO, which yield: 
983 x 2400 = 
eT AD We TANTS 707,100 


283 x 96= 27,900 § 


The total CO produced in the weducer being 758 kes., the calciner 
alone uses up 283 of these, say about 387%. 


2nd, Reducer, 
(a). Calories required in the reducer : 


For reduction proper, Gruner allows (Metallurgy, Vol. 2, p. 339) 
that the reduction corresponding to ove kg. of pig-iron 


absorbs 1984 calories : 
Calories . 


POCO eet hOe Grtey cre eee Os aA 1,984,000 
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For the fusion of 1000 kgs. of pig-iron at 1500°, Gruner allows 
(hat the liquid pig-iron contains about 300 cals. per kg. 
The necessary calories are then : 


1000 x 300 
less those already contained in the metal at the top, 1.e.; Calories. 
(1000 x 300)—(1000 x 0.12 x 500).... 240,000 


For the fusion of the 570 kgs. of slag at 1500° : 
One kg. of slag contains about 500 calories, according to Gruner : 

but it 1s ale ene ae to here deduct the calories already 

oes neh at the top, 1.+.: 

(570. x 500) =(5/0 x 021 x 500)e: 225,150 

The substances making up the gases at the throat escape from 

the reducer at 500°, the temperature being the same as 

when they enter it, and we do not require to take into ac- 

count their momentary variations of temperature while they 

are in the interior of this reducer. 


OL ACTOD TOT Ack 5 On Sra a en aes ane ai 150,000 
Total calories’ required inthe reducer: . 2.5 0.022 2,599,150 
b. Production of calories required wn the reducer : | 
The 325 kys. of carbon are converted into CO, giving : Calories. 
2m AO Oa lev ak. Nae Ns anette einen a 780,000 
The difference is to ke supplied by electricity, Le. : 
DOL SO ATS 0 000s csiae ee es Unernaew aes 1,819,150 
Dotan ea tas ei citusce wl Byte HON Nee, A ae 2,599,150 


3rd. Regulator. 


(a) Calories required in the regulator : 


To raise the crude metal from 1500° to 1800° : * Calories. 
LOOO A202 P 2300 aie ae er oer eee 36,000 
To make and melt about 300 kgs. of slag: 
SOO OOO HE Siete Ne ele 2 ane act 150,000 
EAS) nits W2K0 STA L6) oA Pa aM AUN CRIN Pei AUN HE A Soe eat 3 150,000 


To compensate for the cideeene reactions. which are produced 
slowly and of which the c:lorific influence cannot well be 


efi ned iil aN Tey ier hk lace tet ise ohn eee) Sage eat ane 200,000 
Total calories required in the regulator....... 536,000 
(b) Production of calories required in the regulator : Calories. 


Leaving out of account the heat which may be produced by inter- 
nal reactions, the 536,000 calories necessary for refining are 
to be derived from external energies which may be either 
the CO from the furnace-top, or electricity; for simplicity we 
shall for the present admit electricity alone; it should’ then 
supply vi icls Aeterna ie etaie ald ler er oeses eg en Laat ee 536,000 


* The temperature 1800° allowed here for liquid steel is too low ; it would have been 
better to have allowed 2000°. 
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General Schedule (First Method of Proceeding). 


And hence the general schedule of calories is established as follows, 
for the first method of proceeding, admitting the regulator to be heated 
by electricity :— 


UG Alones Produced 
Calories 
required for 
one ton of by by by CO 
melted metal. Electricity Pure Carbon (283 Kegs.) 
(325 Kes.) 
aleiner. cyl 707,100 707,100 
of which 
67920022 
combustion 
21,900 == 
cooling. 
dveaducer’’. .... 2,599,150 STO 50 780,000 i 
Regulator ... 536,000 536,000 fy 
abals 2) s. 3,842,250 Dae sia paplceye 780,000 107100 
3,842,250 


There still remain available: 
758 — 283 = 475 kgs. of CO, which can supply : 
475 x 2400 = 1,140,800 calories. 


‘We should further note that the 325 kgs. of pure C were capable of 
producing by direct combustion: 


SPS ap See LULU Te IMT Rom NaI aR TAA PUR Se eg 2,600,000 
Thus far, in our apparatus, they have yielded: 
In passing to the state of CO........ 780,000 


By the combustion of 283 kgs. of CO 679,200 
There still remain to be utilized, (in the 


formotypure oxide of carbon) 1e1.5. 3. 1,140,800 


2,600,000 


We then again find that of the 2,600,000 calories which these 3825 
kgs. of C can give, but a part only is used in the electric furnace, because 
of the high temperature at the top and the circulation of the gases which 
bring the C to the state of CO, maintaining a very vigorous reducing 
action, and borrowing from electricity the calories which are lacking as a 
consequence of this incomplete combustion of the C. 
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The circulation adds the heat-producing energy of electricity to the 
reducing energy of CO, greatly assisting the accomplishment of the object 
we have in view, viz.: the reduction of the ore; and that without waste 
of the carbon, being as sparing as possible of this raw material, which we 
suppose to be costly in the regions where we wish to apply electro-metal- 
lurgy. 


" Electric Energy necessary for one ton of Steel (First Method of Proceeding). 


Starting from the thermic schedule, such as we have just determined 
it, it is interesting to compute in horse-power the electric force to be 
brought into play for the production of one ton of steel per hour: 


1st.—The caleiner operates without electric current. 


2nd.—The reducer requires 1,819,150 electric calories per ton pro- 
duced, and if we aim at producing one ton per hour there are required 
per second: 


Bd) VO Gaon sh 
ae 3600 — 505 calor 1es8 
or, in theoretical H. P.: 


505 ex 425 kg/m 


75 = 2560 441b. 


3rd.—In the refining apparatus electricity should supply 586,000 
calories, and having in view the production of one ton per hour, there are 
required per second: 


os aM 150 calories (about) 


— 3600 
or, in theoretical H. P.: 
150 ¢. x 425 kg/m 
5 


Say, about 1,000 H.P., since to bring the metal to the desired state in- 
volves loss of time which corresponds to loss of heat. 


= 850 H. P. 


Net Cest Compared (First Method of Proceeding). 


In order to determine accurately the economy of the process, we must 
again determine the value of the quantity of CO which we have at the 
throat of the reducer: 


: kgs. 
‘Lhe total CO produced was sect pia) e 0) tC aa alegaes cee 758 
Of this the:caleier Consumed. c.uiie os ga.) alee ee ae Pha Oia, 
And: there: remains available sis 2) oa bile, os ae ee 475 


These 475 kgs. of comparatively pure CO give us a combustible vola- 
tile matter which can produce in the air a temperature of combustion 
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higher than any other industrial gas, and their very easy application 
_(either for heating or motive power) raises their value much above the 
same weight of ordinary combustible solid matter. 


Let us allow for them the price of 0.025 frs. per kg. 
Baye: 475 x 0.025). ="11 85 irs. 


In the economic comparison between the new process and those ac- 
tually used in the making of steel, we shall take (as in our first part relat- 
ing to the triple furnace) coke at 25 franes per ton, and the 1,000 electric 
calories at 0.01 fr., the price generally allowed in the region of the French 
Alps. 


In the new apparatus we produce one ton of steel with: 


Frs. 


360 kgs. of coke, at 25 francs per ton.... 9.00 
1,819,150. electric calories in the reducer, 
at) O02 he per thousands au ae atrals y 18.19 


536,000 electric calories in the regulator... 5.36 


BOG eat Mimhae ae hos Shak os etae frs. 32.55 


From these 32.55 fr., we must deduct the value of the 475 kgs. of CO, 
which may be utilized and are estiniated at 11.85 fr.: 


382.55 — 11.85 = 20.70 frs. 


These 20.70 frs. replace the following items of the ordinary process 
of steel making: 


1st.—The coke used in the ordinary blast-furnace, say, 1,000 kgs., 
and all the machinery (boilers, engines, hot-blast appliances) necessary 
for its combustion. 


9nd.—The coal used in the Siemens-Martin furnaces, say about 500 
kgs., also at 25 francs per ton. 


. Frs. 
1,000 kgs. coke at 25 francs per ton... 25.00 
Machinery and appliances of the blast 
ENT ARCn wee ee Gree betta kee eter sie sien on 5.00 
Coal, 500 kgs. at 25 frances per ton...... 12.50 
WMOtale racic cee ara nena hoa). 42.50 


Difference in favor of electro-metallurgy: 
42.50 frs. — 20.70 frs. = 21.80 frs. per ton of steel. 
A very encouraging result. 


We shall proceed to the rapid study of the second method, mentioned 
above on page 148. 
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Nature of the Gases (Second Method of Proceeding.) 


In the second method, the object is the transformation of the max1- 
mum of carbon into CO,, endeavoring to utilize, to the greatest pos- 
sible extent, the calories which it can produce in the interior of the ap- 
paratus, and not outside in the form of combustible gases. 


Is it possible to change all the reducing carbon into CO2, and if we 
cannot obtain this transformation completely, to what extent can it be 
done? 


Mr. Gruner allows that in the old blast furnace the ratio in weight 


CO, 
~~~ does not exceed 0.80; beyond this the mixture, encompassed by a mass 


CO 


of inert nitrogen, has no longer any reducing action upon the ore. 


The new process, being free from nitrogen, brings the oxide of car- 
bon alone to bear on the oxide of iron, and the reducing action is therefore 
more effective and more thorough since it is impeded only by the CO, 
formed; it cannot, however, succeed to completely eliminate the CO, for 
CO is again formed, partially by the action of the C, still at red heat, on 
the CO, produced by the reaction, and this even at a temperature com- 
paratively low; hence the necessity of maintaining a low temperature at 
the top. : 

CO, 
CO 
be much higher than in the old blast furnaces, and it seems justifiable to 
Oe 

Go 7125: 

The coefficient establishes the second method of working and deter- 
mines the weight of pure C necessary for reduction, inasmuch as the total 
weight of oxygen contained in CO and CO,should be that of the oxygen 
contained in the oxides, e.g., equals 433 kes. 


We need not hope then to obtain pure C O,; but the ratio 


will 


allow 


The estimate gives per ton of steel: 


C O,=365 Kgs. C= 100 Kags, 55 GOs hee 

0 O—292 5° O22 195 “ee The ratio 399 1-48 
C total =225 Kys.; coke 247 Kgs. 

‘Total oxygen= 433 Kgs. 

The weight of the gases escaping free at the mouth of the reducer, 
per ton of pig iron, is about 657 kgs.; the calorific power (or calories given 
off by 1 kg. of the mixture) is only 1,066, at a somewhat low combustion 
temperature. 
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In this process the furnace-top should be kept at a temperature of 
about 200°, and this is also the temperature of the calcined material when 
it reaches the reducer. 


The gases blown from the top into the crucible circulate less rapidly, 
and are consequently less in quantity, having no longer to convey physical- 
ly such a large amount of electric calories into the shaft, where the carbon 
will supply additional heat by its transformation into CO,. As in the 
first method, the circulation in the electric zone of the crucible trans- 
forms the gases completely into CO, and the reducing energy remains as 
intense in the lower part of the shaft; on the other hand, it is less active 
in the upper part, which should be increased in height in order to allow 
a longer time for this slower action to take place. 


Taking into account the modifications indicated, the equilibrium of 
this method is regulated in the same way as that of the first. 


Thermic Schedule (Second Method of Proceeding). 
1st. Calciner. 


(a) Calories required in the caleiner : 


| Calories. 
ROCA LIOUVOL WALOT their kidatte oy uiels une inal nen. CORN au alae cE 76,356 
Beparionnal tie 20 ON Osa On Cais aie a\ecagey win whe ie eeu a anne A ae ees TS 
Heating of the 250 kgs. of CO, PO ALG Se MOAN LA Maen ee VED 2o0) 


Heating to 100° the 568 kgs. oblair required for the combustion 
of the 228 kgs. of CO1 necessary either for calcination or for 
heating the coke in furnace (17) : 
DOS x OOO sxc 1LOU: agave, RM Agee LA, 
Heating to 200° the 1947 kgs. of solid aenewtel) an to the: re- 
ducer ; their temperature is brought to 1000° for calcination, 
but they are subsequently cooled and they are discharged at 


only 200°: 
PO ATG ReeO nO ie 2 0 (Se aera hele aeParcieerte 81,760 
Heating to 200° the 247 kgs. of coke: 
aes Wy iSeoabll Op Ac Sa eid AO ior vty (Oh oo Ae a Wea aya Pi 11,856 
RTE GLO Tareas lel carne ae Wattee Beis 1: hee aaas Pate Oo PLL ileseat ee ee CY De 150,000 
Total calories required in the calciner... 550,260 


(b) Production of calories required an the calciner : 
1 kg. of CO taken at 200° at the top of the reducer, changed into 


CO, then allowed to escape at 100°, gives off: 
Calories 
PLE OVNEE COI DIU STLOTI 011 ht parang) A oi cre diMrnue sh 4c NE Cg 2,400 
By its cooling from 200° to 100° : 
| Ee Oc Ott LOO i eaier aaa 26 poke el cmt 24, 
By the cooling of the 0.80 kgs. of CO, which accompanies it: 
ORO a Are TSI Oe ers ce nn > 16 
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Therefore, there are required for the calciner: 


550260 


Ft Sy : 
VOT 28 kgs. of CO (approximately. ) 


These 228 kgs. of CO correspond to 513 kgs. of gas escaping from the 
furnace-top; the total of these gases being 657, there remain still to be 
disposed of 144 kgs., capable of developing 144 x 1,066 ‘= 158,504 
calories. 


2nd. Reducer. 


(a) Calories required wm the reducer : 


Calories. 
LeverehUlontehs Wate MONA Ee nha WIN auEE MANOA iy er we Sauy, Oru RO hal NTS 1,984,000 
Fusion of 1000 kgs. of pig-iron: 
(LO00 i300) SCL OO OND CxO ah ee Un tae uo casey rete cee ane 276,000 
Fusion of 560 kgs. of slag: 
(500s 5002 (5 GO OLA Gc 20) tem ious a inci ie ci mee eat ee rc ae 256,000 
The substances composing the gases at the furnace-top escape 
at 200°, the same temperature as when introduced into the 
reducer, and we need take no account of them. 
DEVE OUE: 4H Kona Piay na eemnner MintGe auRIUCEN Ty aie TW Ra LA 150,000 
Potalvcalomes required an ithe seducerey ia ag) kein) ee 2,666,500 
(b) Production of calories required vv the reducer : 
Of the 225 kgs. of C charged, 125 kgs. are changed into CO, 
giving : 
Calories. 
2s DROS ee ea ee net oee: PENT Atay: 300,000 
100 kgs. are changed into CO, giving : | ? 
LOOMS 00 Orr es Soule ee he a 800,000 
Total calories Obtained rom G eit) Sees ones oreteee 1,100.000 
The ditference is to be supplied by electricity, viz: 
2,600, 500-1100 DOO Oe. a eo eer, ae 1,566,500 
3rd. Regulator. | 
' Calories. 
Bie CGLDTUES: TO UIT EOL 1. tee «(5S eaten pee fre Pte oe ete 536,000 
b. Calories to: be supplied by -electrveutyy sick i. anes eee ae (536,000 


General Schedule (Second Method of Proceeding). 


And hence the general schedule of calories is established in the fol- 
lowing way for the second method of proceeding: 
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Calories 
required 
for one ton 
of melted By Electricity| By pure carbon By CO 

metal (225 Kgs.) (228 Kgs.) 


CALORIES PRODUCED 


OLN G10 (6 nina rane ie ete Es EO A ot Ural alate tee oe og eee PaO eke ery 550,260 

| OE6 10002) Ce en ae ee OOO O0r be kro OOo 00. tn bellOO: OO OMS ware stn eee 

eOULALOr. 2 olen. Le 536,000 5 OL OU O ir ula... Witte aiers Canes ARG nile 

OTA ee i oie os Sif 22060) 2102:500) VoL 00000 550,260 
3,752,760 


There still remain available 144 kgs. of gas at the top of the reducer, 
capable of producing 153,500 calories. 


Electric Energy necessary for one ton of Steel (Second Method of Proceeding). 


1st.—The calciner operates without supplementary heat from elec- 
tric current. 


9nd.—The reducer requires 1,566,500 electric calories, correspond- 
ing to :— 
1,566,500 — 425 
PAE A RRS POON 
3,600 ins 
instead of 2,860 H.P. necessary in the first method of proceeding. 


= 2,465 H.P. 


8rd.—The regulator requires the same number as in first method, 


850 H.P. 
Net Cost Compared (Second Method of Proceeding). 


The 144 kes. of combustible gases which may still be utilized after 
deducting what is necessary for the calciner have a value per kg. much 
lower than the pure CO given by the first method, and for which we have 
allowed the price of frs. 0.025 per kg.; it will be correct to allow now fyr. 
0.01 per kg., viz., 1.44 frs. for the 144 kgs. which remain available. 


By the second method of proceeding, we produce one ton of steel 
with :— 


Frs. 

DAT kos. coke at 25 irs, per L000: kos ee es... OnE a 
1,566,500 electric calories in the reducer, at 0.01 fr. 

per thousand. SL 5.66 

536,000 electric eee in the fediicee a 0, Obi 5:36 

Poti lEesaltoseaeliy secwanos Semen. ase aes yt 27.19 

Deducting for the gases remaining to be utilized.. 1.44 


Rote Bren Alain Our en cee twas. devote 25.75 
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At the cost of 25.75 francs, we replace the elements which, in the 
case of the old blast furnace, would cost frs. 42.50 


The difference in favour of electro-metallurgy is, then, for the second 
method of proceeding :— 


42.50 irs. — 25.75 frs.=16.75 irs. 


This result, though not so good as that of the first method, is still 
eratifying. 


IV. Objections. 


1st.—In the first method of proceeding, it may be thought exaggerat- 
ed to admit the,same value for a kg. of CO as fora kg. of coal. But the 
value is measured by the possibility of utilizing it. 


In many cases it is found advantageous to change coal into combust- 
ible gases, which may be more conveniently used, allowing us to obtain 
higher temperatures ; those usually obtained in the ordinary gas-producers 
are, however, diluted with a mass of nitrogen which hinders their combus- 
tion and lowers the final temperature. But the CO obtained by the elec- 
tric furnace, being almost pure, without nitrogen, appears to us to have 
a value much greater than these ordinary gases. 


If we even compare the CO to water-gas or lighting gas, it gives a 
higher combustion temperature, which gives it a superiority for the heat- 
ing of a Siemens-Martin, for example, or for the heating of the regulator 
inthe new process. of electro-metallurgy. Now, in the Loire, a coal- 
producing country, lighting gas, produced from distillation of coal, costs 
0.20 frs. per cubic meter when it is used for heating purposes, say, nearly 
0.40 frs. per kg., since its density is low; there is then no exaggeration, if 
in our estimates we reckon 1 kg. of CO at 0.025 frs., say 16 times cheaper. 


It may be objected also that 758 kgs. of CO at 0.025 frs makes a value 
of 18.80 frs. whereas the 360 kgs. of coke at 25 frs., which produce them, 
are estimated at only 9 frs. 


But we have just shown the reasons for estimating 1 kg. of CO at the 
same value as 1 kg. of coal or coke; and if one should wonder at the in- 
crease in value on the part of 1 kg. of C (pure carbon) while going through 
the reducer from bottom to top, it must be remembered that this conver- 
sion of solid C into gaseous CO gives value to O, because of the fact that 
it has become gaseous. This transformation in any kind of apparatus 
whatever would be costly, especially to obtain almost pure CO, and in the 
present case this conversion is made by the help of supplementary electric 
calories; this step, from our descriptions, does not appear to entail great 
additional cost, but in reality it does so. 


For all these reasons we believe it justifiable to retain the price of the 
CO at 0.025 fr. per kg. 
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2nd.—Fault might be found with our estimate in the thermic sche- 
dule because of our not taking account of the calories absorbed by the 
mechanical power which induce the circulation of the gases in the re- 
ducer. 


The fact is, we have taken no account of this expense, which will de- 
crease by its amount the result at which we arrived in our estimate of the 
general economy, but this loss is small, scarcely worth noting in a large 
hydraulic plant. 


3rd.—lt may be asked why, in the first method of proceeding, we 
have not used for the heating of the regulator the gas CO which remains 
available, and the combustion temperature of which is so high. 


This has been done purposely in order to make evident the maximum 
energy which is required per ton of steel under the most disadvantageous 
circumstances; and also for the purpose of shortening somewhat the first 
part of this paper, already too long, omitting, if desired, the present ob- 
servations. 


But, in fact, it is interesting to study briefly the application of CO 
to the heating of the regulator, which will lead to a saving of electric 
power. . | 


The CO may be applied to the refining furnace, either of the Siemens- 
Martin type with regenerator, or of the type of our regulator with gas 
blow-pipe, the air being forced at high pressure and blown directly upon 
the bath. The combustion temperature of the CO is so high that in the 
regulator (where the metal arrives in a liquid state at 1,500°, and the CO 
at nearly 500°), the heating is possible by blow-pipes alone without re- 
generator. This mode of heating is possible even with ordinary lighting 
gas, the combustion temperature of which is lower. 


In the case of the regulator with blow-pipe, the consumption of CO 
will be about 255 kes., producing (at the initial temperature on leaving 
the top) a greater heat than the 536,000 necessary calories; and there will 
still remain 220 kgs. of CO available for the heating of the ingots, or for 
any other purpose. 


By the use of the CO in the regulator, we diminish by 536,000 the 
ealories to be derived from electricity, and the economic comparison of 
the process may in this case be established in the following way :— 


We now produce one ton of steel with: 


Frs 
800 Kes, coke, at: 25 irs, per ton. via eave. 9.00 
1,819,150 electric calories at 0.01 frs. per 
thousand in the reducer ............ 1Ssho 


VOUS tetretaca: okt ea eet en ee 
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From these 27.19 frs. we must deduct the value of 220 kgs. of CO 
remaining to be utilized and valued: 


F rs. 

CAO TE KOLO LO cok okie tnyp ech yaaett ere asmnanae ot PORTO 
Say, 24 boo. O TemMaining@ i ag ha eeo un ceeoee ZT69 
These 21.69 frs. replace as before : ; 
L000" kes of coke at itecsais ne nee 25.00 
Machinet yyy aiety pce. 4 deen ie cece OOO) 
Coal s00 Kes. cabo Trs,)craletis ac eetelereae ee 12.50 

ASOUGING sistas: Catan ete otran tetas: 42.50 


Difference in favor of electro-metallurgy equals: 


42.50 frs. — 21.69 frs. = 20.81 frs. per ton. 


The economy is somewhat less obvious than in the first method of 
proceeding described above, but the arrangement allows us to demand less 
from electricity, and to reduce the total force necessary to 2,860 horse- 
power for an output of one ton per hour. 
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THE ELECTRICAL MANUFACTURE OF STEEL.* 


PROCESS OF GUSTAVE GIN. 


the changes in the physical states, and the reciprocal reactions of 
substances involved in the industrial production of iron and derived metals, 
require the consumption of a certain amount of energy, hitherto obtained 
by the combustion of carbon. In the present process an attempt is made 
to replace this by electric energy. 


The technical solution of this problem may now be considered an ac- 
complished fact, but it is advisable to make certain reservations as re- 
gards the economic results. It must not be forgotten, in fact, that while 
electricity is the most tractable of the forms of energy, it is, generally 
speaking, also the most costly. It should not, therefore, be employed ex- 
cept knowingly (with a thorough understanding of the conditions) and 
its use should be limited to those applications where its superiority is clear- 
ly evident. By carefully examining all the data of the problem, it ap- 
pears certain that the application of electric energy to the “ direct ex- 
traction ” of iron from ores cannot be advantageous, except under certain 
exceptional conditions. 


Besides, it must be recognized that the modern blast furnace, to the 
perfecting of which so many metallurgists have concentrated their efforts, 
is a marvellous metallurgical instrument, in which the utilization of heat 
energy approaches so closely to perfection that it is seeking Utopia to at- 
tempt to substitute for it the electric furnace. Such a substitution 1s, 
furthermore, inconceivable, except in certain localities particularly favor- 
ed as regards electric energy and minerals. 


But it becomes a different matter when electric energy is used for 
the conversion of pig iron into steel. In this case the electric furnace 
clearly has the advantage of the Martin furnace, always providing that the 
electric energy may be obtained at an acceptable price either by the em- 
ployment of hydraulic power for generating purposes, or by the use of the 
energy available in the waste gases from blast furnaces. 


As soon as, by the latter means, the following combination has be- 
come an accomplished fact, viz., the blast furnace for cast iron; the Bes- 
semer converter for the common steels; and the electric refinery for higher 
| evade steels, the industrial metallurgy of iron will have realized an almost 
perfect utilization of the heat energy of coal. 


* From the French. 
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GIN PROCESS. 


From the data submitted by Dr. H. Goldschmidt, of Essen, at the re- 
cent Fifth Congress of Applied Chemistry, at Berlin, it appears that the 
first electric furnace for the manufacture of steel was proposed by myself 
in 1897 (French Patent No. 263,783, February 6th, 1897). Since that 
time researches upon this interesting question have been continued, and 
many new types of furnaces for steel production have been studied. The 
latest type depends upon the utilization of the Joule effect, without the 
use of carbon electrodes. 


In the various types of apparatus devised up to the present time to 
produce electro-thermic reactions in molten pig iron, great difficulties have 
been experienced in utilizing the energy of the electric current in a bath, 
the resistivity of which scarcely exceeds 200 microhms per cubic centi- 
meter; generally, one is forced to produce the Joule effect in a layer of 
slag floating on the metallic bath using the notably higher resistivity of 
this slag. 


Moreover, the use of carbon electrodes is an obstacle to decarburiza- 
tion, because reduction of the constituents of the slag is more readily 
effected by the carbon of the electrodes than by the combined or dissolved 
earbon in the bath. 


Finally, furnaces have been devised where the current which passes 
through the bath is generated by induction and without the use of any elec- 
trodes. But it should be noted that such an apparatus is costly, and in- 
volves a considerable magnetic leakage, incompatible with an efficient 
utilization of electric energy. 


For the purpose of avoiding these undesirable features, the expedient 
of the slag bath, and the objectionable use of carbon electrodes, the idea 
arose of forming the electric furnace as a trough or channel of great 
length, and small cross-section; filling this trough with molten pig iron, 
and having at its terminals blocks of steel cooled by an internal current 
of water. 


The passage of the proper amount of current in the conductor of 
fused metal develops a quantity of heat sufficient to maintain the whole 
mass in fusion, and to bring it to the most favorable temperature for pro- 
ducing the refining reactions. On the other hand, the large section of 
the blocks forming the terminals of the circuit prevents a great rise of 
temperature in them, being aided in this respect by the circulation of cold 
water. 


To give a convenient form to the crucible, the trough in which the | 
metal is held is doubled on itself several times, so that there is formed 
a sort of huge incandescent lamp, of which the filament consists of a bath 
of molten iron. 
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In practice the apparatus would consist of a movable carriage on rails, 
(see Figures 1, 2, 8 and 4), having a body made of refrac- 
tory materials. In this movable body is placed the crucible, 
in the form of a channel’ or trough, having, in cross-section, 
vertical walls and a semi-circular bottom (A), and a sinuous course. 
The ends of the canal connect with the terminals for the current supply 
(BB), each of these consisting of a block of steel so shaped as to form an 
open basin in the canal. ‘The terminal blocks carry a vertical downward 
extension, which serves for the connection (G), with the conductors carry- 
ing the current. ‘These terminal blocks are cooled by an interior circula- 
tion of water, which is introduced into the cavity (D) by means of the 
tube (E), connected with a reservoir by means of a strong rubber tube. 
The water escapes by the orifice (I), which is also connected by rubber 
hose to the over-flow channel. 


When a charge of metal is to be refined, the crucible carriage is plac- 
ed in a furnace with an arched roof, in order to reduce as much as possible 
the loss of heat by radiation. The furnace being in place, electric con- 
nection is made at (G) and the fused pig iron is introduced by the fun- 
nels (H). 

The dilution-method (scrap process) may be employed by adding io 
the iron a calculated proportion of scrap iron, which dissolves in the fused 
bath. The carbon of the iron diffuses rapidly throughout the mass, and 
the conversion of the whole into steel is practically effected as soon as the 
fusion of the added metal has been completed. 

It is also easy to employ the method of oxidation, by the addition ot 
some iron oxide (ore process). The oxygen of the iron oxide added to the 
bath burns the silicon, manganese and carbon. As in a furnace of this 
type the temperature can be elevated at will, the carbon is eliminated with 
great rapidity, thus obtaining a more complete dissociation of the iron and 
carbon in the pig iron. 

When the pig iron, or mixture of pig iron and scrap, has become all 
fused, the iron oxide is added with a shovel; quite a lively ebullition is 
produced, which decreases gradually. When the progress of decarburiza- 
tion is manifested only by the small blue flames which escape periodically 
at the surface of the bath, a further quantity of oxide is added. The 
same phenomena occur, but not so strongly marked this time, and the ex- 
tent of decarburization is judged of by the feebleness of the blue flames. 

At this time the test specimens may be taken and, if necessary, the 
final additions of spiegel or ferro-manganese may be made, although these 
latter are not so important in this as in other types of furnaces; this 1s par- 
ticularly true with reference to the silicon generally employed to play the 
role of intermolecular combustible, this being quite unnecessary with elec- 
tric heating of the metal. 

It is interesting to note that in this electric furnace the oxidation of 
the impurities of the pig iron, and notably that of the carbon, is brought 
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about without the intervention of atmospheric oxygen. Thus, the amount 
of dissolved oxide is reduced, and, consequently, the quantity of deoxidiz- 
ing materials to be introduced at the end of ‘the operation is lessened. 


It should be remarked that the localization of the heating in the 
metallic conductor enables one to obtain temperatures which would not be 
realizable in furnaces of the: Martin type, without melting the arches and 
consequent danger of spoiling the metal exposed on the hearth. 


The dephosphorizing and desulphurizing materials may be introduced 
at practically any moment after the metal is well fused, either before, or 
during, or after the decarburization. The removal of the slag is effected 
by means of an iron scraper, which is handled by the workmen through 
the door of the furnace. 


The finished metal is poured from the openings (K), which are plac- 
ed at the front or end of the furnace opposite the electric connections. 


The method of oxidation (ore process) is dwelt upon at some length, 
and less has been said about the method by dilution, the application of 
which is more difficult, since it would require considerable alteration of the 
section of the bath, and on account of the necessity which it would entail 
of varying the voltage of the electric current between wide limits. 


The dilution method only possesses real interest in the case of a plant 
exceptionally placed with reference to a supply of pig iron, containing but 
little sulphur or phosphorus. In fact, it should be kept in mind that dilu- 
tion without simultaneous oxidation would require the use of very pure 
materials, because the elimination of impurities would be insignificant. 


All the advantages of these two methods may be combined, and their 
respective inconveniences avoided by the use of a “ mixed method,” in- 
volving the use of a certain amount of scrap, and oxidation by the addi- 
tion of iron oxide. It should be noted, moreover, that even in the Martin 
furnace the “ ore process ” is not rigorously followed, but that about one- 
fifth of the total charge is scrap iron. 


The following shows the manner in which it is proposed to operate 
the Gin furnace in practice :— 


The crude metal is treated with some iron ore and lime, so as to oxid- 
ize the impurities, while producing a basic slag, which facilitates the eli- 
mination of the phosphorus. When the purification is sufficient, the scrap 
iron, is introduced into the very hot bath, the slag is removed when fusion 
is complete, and the final additions of ferro-manganese are made to reduce 
the oxide dissolved in the metal. 


It is understood, of course, that the use of this mixed: process is de- 
pendent upon the nature of the possible supply of raw materials, but it is 
especially adapted for those plants which can obtain, at reasonable prices. 
scrap iron, rail ends, bars, sheets, &c., suitable for making proper mix- 
tures. 


169 


Special Steels. 


The Gin furnace will permit of the easy manufacture of special 
steels by the direct incorporation of the additional elements—manganese, 
nickel, tungsten, vanadium, molybdenum, &c. Special grades, having a 
high manganese content, and containing but very little carbon, may be 
obtained by adding to the bath a suitable proportion of silicon-manganese 
(which was first prepared by me by the reduction of rhodonite, French 
Patent No. 326,438), and by oxidizing the silicon by means of manganese 
dioxide, according to the reaction: . 


mFe+ 2nSiMn,+3nMn0O,= mFe+5nMn + 2nSi0,Mn 
Metallic Bath Manganese steel Slag 


It is desirable in this case not to push the temperature of the bath too 
high, because the manganese would then spontaneously vaporize. 


Furnace Materials. 


Lhe materials of which the channel forming the crucible is construct- 
ed should obviously be sufficiently refractory to withstand the highest tem- 
perature of the bath. For this reason lime and magnesia would consti- 
tute the best materials, if these bodies were not so easily converted into 
slag by the silica resulting from the oxidation of the silicon in the bath. 


It is true that lime and dolomite play an important part as dephos- 
phorizing and desulphurizing agents, but it is better to employ the cal- 
careous materials mixed with the oxidizing agents. . As for silicious lin- 
ings, they are not sufficiently infusible to be used without rapid deteriora- 
tion. The best protective coatings are found in rich bauxite, and above 
all in chromite, which may be agglomerated by ordinary methods. 


Example of the Application of the Process by Oxidation. 


For an iron containing: 


SCArDOM Msi: Te ERE RMON TNS Rrteh iy 3.60 per cent. 
SLC Orie ity a exch aaa (ovovak Mala aldial & 1.68 ei 
IAS OATES E: Gihe ess Vahitiss enakhaa-ralancuee £10 te 
AEROS PMOUS H aiftee svar a. s Bidet peed oan es Os 


The proportions of the above impurities have been chosen arbi- 
trarily to facilitate calculation. The composition of a ton of pig iron may, 
in fact, be represented by the simple formula here given, expressed in kilo- 
gram-molecules : 


16.6 Fe+3 C+0.6 Si+0.2 Mn+0.2P.... 


If we suppose that the finished steel contains 0.96 per cent carbon 
and 0.28 per cent silicon and if we admit, for the simplification of the 
formulas, that the other impurities are practically eliminated, the “ en- 
semble ” of the reactions may be deduced from the equation: 
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x (16.6 Fe+3 C+0.6 Si+0.2 Mn.+0.2 P....) + yFe,O,;+zCa0 


Pig Iron Ore | Lime 
17.7 Fe+ 0.8 C+0.1 Si + (3x—0.8)CO 
one ton of steel Carbon monoxide disengaged 
+x (0.5 Si0,+0.2 MnO+0.6 CaO+ 0.6 FeO)+0.1 x (P,0,4CaO) 
Slag 
From this it follows that the production of one ton of steel requires: 
kgs. 
1S AON ye ie eos ee NAN deta DRS OM rene ee ea 919 
AT ie 0 Pe Na ORI Aa URE ually one MA ll 2 218 
COLOR DAME at Lae ani IN TEAM ELEN or nts Scone hd 56 


The quantities eliminated theoretically amount to 52.0 kgs., while there 
is a recovery of 184.4 kgs. of iron. 


We may admit as practical the following figures for the production of 
one ton of steel, by the method of oxidation :— 


kes. 
CONSE PLTON Vo PIO ON ey ete, ale kee eee 924 
Dron Oe) (A0 7o- 8 62 Gn de) CSc lena: 2 pes Be rate 320 
ESE PRS SUT cH AiteGd SNe Dal a ate ce a eed Se 56 


Energy Consumed. 


The calorific energy derived from the electric current is utilized as 
follows :— | 


(a) Heating the metallic bath from 1,300° to 1,750° C. 
(b) Heating the reagents to 1,600° C. 

(c) Chemical reactions. 

(d) Radiation losses. 


a. Heating the metallic bath. 


We raise the temperature of 924 kegs. of pig iron from 1,300° to 
1,750° C. But, between these two temperatures the specific heat of the 
iron varies between 0.40 and 0.58, which gives 0.48 as mean value. The 
heat consumed is, therefore :— 


qa 924 x 0.48 x 450=199,600 calories 


b. Heating the reagents. 


The average specific heat of Fe, O; and CaO, between 0° and 1,600°, 
is respectively 0.19 and 0.28, so that the heat-consumed in heating the 
reagents is: 

G, = (820 x 0 19 +60 x 0.23) 1600=119,400 calories. 
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c. Chemical reactions. 


By balancing the respective heats of formation of the various com- 
pounds which occur in the two members of the above equation, we have: 


q, =75,000 calories 


The total of the calories expended for the heating of the masses and the 
chemical reactions is, therefore : 


199,600-+- 119,400 + 75,000=394.,000 calories 


which corresponds to a consumption of 456,000 watt-hours per ton of steel 
manufactured. 


d. Radiation losses. 


Let us suppose the process to be running regularly, the masonry of 
the furnace structure being heated by previous operations, the iron of the 
next charge is introduced at a temperature which does not materially ex- 
ceed that of the interior of the furnace. The calorific radiation of the 
bath is, therefore, of but minor importance at the beginning, but it in- 
creases as an exponential function of the heating of the metal, which is, at 
first, very rapid, since nearly all the heat generated by the current is used 
in heating. To reduce these losses, when the temperature of the bath 
reaches 1,500° C., it is covered with some of the ore and lime. 


At first these reagents are heated as much by radiation from the fur- 
nace roof as by contact with the bath, the radiation from which is moment- 
arily almost stopped. When the reagents have been converted into slag 
and fused, radiation is resumed from the surface of the liquid slag; later 
on, when the purifying reactions have terminated, the slag is cleaned off, 
and the surface of the bath being exposed, radiation becomes intense, the 
temperature finally tending to reach a point where there is a balance be- 
tween the generated and dissipated heat. 


From a few experiments which I have made, I have come to the con- 
clusion that the radiation of heat from a carefully installed furnace may 
be expressed provisionally by the following formula, derived from that of 
Stephan: 

(1) w=asl!d 


where: 
w = the dissipated energy expressed in watt- hours. 
=16. 
Ae =o. 20 x 10 
= radiating surface of the bath of steel = Ic (1 and ¢ being the 
length and one side of the square section of the metallic 
bath). 
T = ten verature (maximum absolute) = 2,000° C 


4 = time in hours. 
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From the above it follows that: 
(2) Wii Oeae 
Total Expenditure of Energy. 


For a furnace of power W, producing P kgs. of steel per operation, 
during 9 hours, the calorific expenditure would be equal to: 


(3) . W0=456 P+51¢c0 
Data of Construction and Output of Furnaces. 


The preceding formula may be presented in another form. Adimit- 
ting that the density of the liquid iron equals 7, we have: 


(4) (ue 22 TU00 LP or. 
1 
(5) bet = : 
It may also be noted that at any given moment, we have: 
KE | noe 
6 gear Pato ais 
(6) W=7 = 


i 
To avoid the introduction of new factors, we will suppose that the 
moment of commencing a furnace-run is the precise instant chosen for 
the verification of the preceding equation. At this moment we know 


—6 
approximately the value of » = 216 x 10 , and we will assume that 
E equals 15 volts. We therefore, evolve from (6) the following equation: 
] 104 x 10* 
(7) one 
G W 


From the equations (5) and (7) we deduce: 


(8) : 112200: \y oo 
W 


(9)) c 


| 


4. 
0.108 V ew 


(10) le 


| 


4, 
1318 Vee 


This later value substituted in equation (8) gives: 
zt 

11 WO = P(456 + 6590 6 \V1_ 

(11) (456 + 65900 Jt) 


Admitting that a single operation will oceupy three hours, the time 
necessary for the reactions, we may show, by means of equation (11), the 
curves (Fig. 5) for the values of 1, cand P, in terms of W. The actual 
figures are given in the following table :— : 
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4 
| WP (152+6590 71 


Watts. Weight of Metal. Length of Width of Surface.| Expenditure of 

Surface energy per ton 

Ww 1 . c kilowatt hours. 
100,000 430 kg. 800.32 em. 8.75 em. 697 
200,000 Pee ae 644024 5 AO leon 625 
300,000 1,525 on 806.2. * 4 ste es Peer 590 
400,000 =; 2,100 1 884.5 1 18.38 4 571 
500,000 2,680 1 SOONG 654i 20.66: 5 560 
600,000 Sif tect 900-30. i DADE AS ert 549 
700,000 Soy” ut 905.24 11 24.04 1 542 
800,000 4A ATS yy 912.561: 26.41 4 536 
900,000 DOTS eas 915 " 2820 0 20 532 
1,000,000 5,680 1 916 " ZOE Nt 528 


APPLICATION OF THE MIXED PROCESS. 


Again, taking up the figures of the preceding application (oxidation 
process), we may write the equation which represents the ensemble of the 
reactions thus: 


x (16.6 Fe + 8C + 0.6 Si + 0.2 Mn + 0.2P+....) + yFe,O, 


Pig iron. Ore 
zCaO uFe e Chie He 6 0.8 C24 0.F Si) 
Lime s Scrap eS Finished steel. 


(8x — 0.8) CO 
Carbon monoxide disengaged. 
x (0.5 SiO, + 0.2 MnO + 0.6.CaO + 0.6 FeO) + 0.1 x (P,O, 4 CaQ) 
; Slag. 
Taking, for instance, x as being equal to 7%, we deduce from the pre- 


ceding equation the following proportions as corresponding to the produe- 
tion of one ton of steel: 


Theory. Practice. 
bie leone i. 667 kgs. 670 kgs. 
Fe,O, meet Cones Oieene 145.70 " 210» on 
Lime Seeker (eMenel cus 40.90 1 Ad ~ 5 


Scrap sei omeicec cone 267.68 " 2S Den 
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Consumption of Energy. 


a—Heating bath of pig iron, Calories. 

Gat — 0.00 X50 4Ot RO he oat eee 144,700 
b-—Heating the reagents, 

Gb = (2 10 O10: -F 4b 9022.3) scl G00] acne oad 
e-—Chemical reactions, 

Cf Arent a ad aria Ont reene eeenea 48,900 
d—Fusion and heating of the iron, 

di SO LO OAS ee 24) ee eee 149,700 


e—Losses by radiation, 
Gee —=0 leo watt hours. 


For a furnace of W kilowatts, producing P kgs, of steel for each run 
of 6 hours, we have: 


(12) + WO 480 P+ 5 1¢0. 
By making the same calculations as in the preceding case, we have: 
(13) | =-12200.\7 (8 tRey 
(14) c= 0. 13 PW 
(15) lee P ESO Ny ce 
W 
(16) WO — 480 P + 93 150 


By taking the value of 0 = 3, the equation may now be written: 
ger 
(17) Wee leon 9315\/ 
Baw, 
From these equations we may construct the curves as shown in Fig. 6- 


COST OF PRODUCTION OF ELECTRIC STEEL. 


In order to determine the cost of the steel, I assume that the electric 
furnaces receive the crude metal for a first fusion direct from the blast 
furnace. I base my calculations upon an annual production of 30,000 tons 
of steel. 


a. Consumption of raw material per ton. 


Ore Process. Mixed Process. 
|g Foal A corn yrs ieee GPa eel eee core 925 kgs. 670 kgs. 
DOCrap el rone ewes. Me ce bene —— 4 285 1 
Ore with Gee HOOF eee cee 320 1 - Le ys 


Danie Sone tee Se ea Ae RO " AB on 
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I admit that the preliminary production of the cast iron requires: 


kes. 
UES ae! Megs cots dw) RI eee a RS Coane ae hn ae Hee) 
Smo Pp UREA COs we eee ha eo eat MoE ey hare oe 0 160 
WEELOl ome AON ay Sete ee US ee ue 160 
VES ernie ee ee eec Oe ie, RR he a) OM tees, 80 
IR Bee 2° eh Gas a et i a 500 
CHOI ER ac 5 aro He HERS RRO Nea ne a 1,100 


b. Electric Energy. 


According to above calculation, and assuming that we have electric 
furnaces of 650 kilowatts, we should spend: 


{ Electric-Hurnaces...%.5:.°.. 30,000x540=16,200,000K WH 
Ore Process ~ Cowper and Mechanical... . 
Sap iances eat tne sh: 3350x8000 = 2,640,000.“ 
PR Opal Sher a tales ee 18,840,000 “ 
Or for 8,000 hours of annual operation a power of 2,355 kilowatts. 
Electric Furnaces...... 30,000x600=18,000,000 KWH 
Mixed Process ~ Cowper and Mechanical 
enced ie ook 300x8000— 2,400,000 « 
‘Dota wets 20,400,000 KWH 


which corresponds to a power of 2,550 kilowatts. 


In taking into account the losses and contingencies of all kinds, I 
calculate as follows :— 


ERGs TOT GYOLCISIE tetera ne eon PRL 2,400 kilowatts. 
LIS GIL ARNO SS| ge ola ama er arise 2,700 iy 
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Schedule of Annual Expenditure or Cost. 
I, (DIRECTION AND MANAGE MEN ES: 22 2 ete 72,000 fres. 
II. RAW MATERIAL AND FUEL. 


(a) Production of pig iron. 


OPE SaaS ener Penton Sent," oe ee 48,600 tons @ 15 frs. = 729,000 frs. 
hel Fearn anes ts S08 sear peg ce weey tag Ae OQ) Piss Ge ES Eo OE eee ta oe ne 
Various slage no ee ote OD Ge a eee 
Wostesse ane Gases cree ae notes 225 Oe SAG eke oy Ou ames 
[Cbs ear a eee T3400 Oo Oe eee OG 
COO ON eget kee ee sede COuune os BO, 5000 Aes S20 Soi = 6 VON ia 
Wlhiscel lanecous...b ens. energy ee ee r en enee So ener ae 145005 


Loar eoooe: 
(b) Conversion into steel. 


Crem aiita ia, eer een maka, 9,600%tons @ 15 frs. = 144,000 frs 
Tye eR ee ae ee ee ne L700 ee 1s 20 ee Se Oe 
IAT OV Stony VOI: ce Wate tt: SOO DSO Sas etal eee 
CHromite 3c ee 150026 OS 110 6 2 sie OO 
MaseellamGoiis: sis cays) te Ose ee ete eee ae one oiae rande oe eae S,500= 35 


278,000 “ 
Il. ELECTRIC ENERGY. | 


2A00cK lowathey cars (OOO VIS ale an oe eee ee eee 192,000 frs. 
IV. LABOUR. 


Day shift, 60 men } 40,000 days @-4:50 frs. do. Hh 180,000 frs 


Night shift, 50 men | 
V. MAINTENANCE-AN D REPAIRS 3 s4565 0. eae 80,000 frs. 
VI. GENERAL AND UNFORESEEN EXPENDITURE... 80,000 frs. 


TRO CAT terse tens 2,459,000 frs. 
or, per ton of finished steel, about 82 francs. 


np 
MIXED PROCESS. 
Schedule of Annual Expenditure. 


I. DIRECTION AND MANAGEMENT.............. 72,000 fres. 
Il. RAW MATERIAL AND FUEL. 


(a) Production of pig iron. 


UGG eek ITE 0 Sg re 35,000 tons @ 15 frs. = 525,000 frs. 
fo BG the MORE Taher fof ee serv, 3S 3 UUW) Cian Ces wens ie namans 1)" 
AWS VOLITS) he tS ies hae aa ae are OU ees ino hn eee ese Oe meee 
BN hee ie oe Ean anaes GOO Re aa ye Sie ir ate ae) nme 
Kee eee ee ks La LOROOOR SS Os > Ear OOO Olas 
Co eee eee ee Ded OOO Ee COO Sk ee AO eae 
el CO see ae ah nen en ek in Sua MRE ILG 121005 
BIS8 60054 


(b) Scrap and waste iron. 
8,550 tons @ 60 frs... 513,000 “ 
(c) Conversion into steel. 


CURE? GREE Sati eke eo) nae mn 6,300 tons: @ 15 irs. “=~ .94,500 frs. 
J DINE Ra Cana ei a ee ee AT res as 2 ich ae 2 OO OEE 
Pt Vie OR SLT OU Yes. os cies SOON roe 25 nee aa eman One 
(Sirromiitew. es <a alos. <M Pome FTL ORE eho Oar. 
ie Meal ae Set tars Me he Sed yrs se a Re CORO UUs 
221,000 “ 
Mee LE OLRIC: ENERGY ; 
a OVE Mowaboayealrs (0.80 118. on ee a py alk 2LG 000" 
ty LABOUR: 
Be COU gdava (cto ITS, 6 om fae ie nes ah ee ae 171,000 frs. 
Pe INPE NANCE AND REPAIRS. 2) .23 58. eee: 79,000 frs. 
VI GENERAL AND UNFORESEEN EXPENDITURE... 80,000 frs. 
AC RNG Digan aerate 2,490,600 frs. 
or, per ton of finished steel, 83 francs. 
CONCLUSIONS. 


In order not to be accused of undue optimism, I have based the pre- 
ceding estimates upon prices sufficiently high, and I have assumed that the 
electric energy is leased. A combination of conditions more favorable 
would reduce still further the cost of production. It is not difficult to 
imagine a company who could obtain iron ore at 18 franes per ton and 
owning a hydraulic power. Under such circumstances, the electric energy 
would be available at 40 francs per kilowatt year, and the annual expendi- 
ture would be reduced by not less than 250,000 francs. The cost of pro- 
duction of 1 ton of steel would then be about 75 francs. 
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ELECTRO-THERMIC PROCESS FOR THE 
REDUCTION OF IRON ORE* 


BYICAPT “ERNESTO STASSANO. 


In February, 1899, at a meeting which I had the honour of holding 
at the College of Engineers and Architects of Brescia, I made known the 
results of experiments which at the end of the preceding year I had made 
at Rome, first under the patronage of that distinguished gentleman, Com- 
mendatore Carlo Pouchain, and afterwards of the same person and of the 
Genoese knights and the engineer, Carlotti, to arrive at a solution of the 
important problem of the reduction of iron ores in electric furnaces. 


The notices which, before this, had been given out about these ex- 
periments, and this meeting, had the result of arousing in the public mind 
a certain interest which was soon made manifest by the daily appearance 
of technical articles, in which my conclusions were discussed. 7 


In general, the tone of such articles was not friendly; in fact, their 
dominant note was scepticism, some even were not without a certain bitter- 
ness. No critic, however, controverted my assertions with close and de- 
finite reasoning, based upon facts, and upon scientific and rational cal- 
culations. 


Stranger as I am to barren and vague discussions, which rarely have 
a place in the lofty realms of science and of reasoning, but often, if aot 
always, degenerate into sharp and bitter polemics, I did not reply to any 
such publications, especially as the lack of foundation, and the vagueness 
of the objections, had the effect of putting me in a position to demonstrate 
very easily their weakness, and the validity of the data upon which my 
views were founded. 


- 


However, about that time an industrial company was formed to 
apply my process in a plant of about 1,500 horse-power. In a relatively 
short time after this, experience would have decided and demonstrated, 
with the evidence of facts ,which side was right; for which reason also iL 
kept silence, and sought rather to push on the construction of the works, 
to the extent of soliciting shares/in an ordinary smelting business in order 
to furnish this practical demonstration of the greater or less justice of my 


assertions. 


* From the Italian. 
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However, a series of unfortunate circumstances, which it is not neces- 
sary to enumerate, circumstances entirely independent of my will and 
of my acts, and even more so of errors in my technical and financial eal- 
culations—having brought this company to a state of liquidation, just at 
a time when, after having passed the critical period of installation, and 
having demonstrated the complete success of my process, it was possible 
to enter into that fruitful and profitable state of industrial work—has sen- 
sibly modified the situation, obliging me to throw off that reserve which 
was, till now, imposed upon me. 


Dealing, therefore, with the purely scientific field, and without enter- 
ing into discussions which do not esentially affect the question, and regard- 
ing the foundation principles and industrial operation of the process which 
I propose, I shall address myself to expounding the general conceptions to 
which I have directed my studies, and the results obtained from the long 
and laborious experiments performed. 


From this exposition in detail, the learned public can gain all the data 
aecessary to make themselves familiar with my work, and to judge calmly 
and dispassionately if it should remain a sterile and unfruitful effort, or 
should be destined to have practical and profitable industrial application 
for the benefit! of those countries, which like ours, are rich in water-power 
(hydraulic mortor forces), but almost or altogether without coal, and have 
been until now precluded from taking part in great metallic industries in 
general, and iron industries in particular, with grave loss to the wealth of 
the nation. . 


The utilization of heat obtained from the electric arc for metallurgic 
operations was certainly not new when my attention was directed to this 
important problem. Memorable indeed are the experiments performed by 
Siemens with his electric crucible, towards the end of 1879, which, how- 
ever, are no more than mere scientific curiosities. : 


To find instead industrial applications of the heat radiated from the 
arc, we must come to the appartus of the American, Cowles, for the pre- 
paration of the alloys of aluminium, and after that to the electric fur- 
naces of Wilson, for the manufacture of carbide of calcium, and to those 
for the preparation of corborundum; and between these industrial ap- 
plications of heat obtained from the are, the most important, though pure- 
ly scientific, experiments of Moissant. 


However, if the scope of all these different attempts be carefully ex- 
amined (though they are theoretical rather than practical, and particular- 
ly these last, which have a more direct interest for us), it is easily seen 
that their aim was the industrial production of substances which can be 
obtained only at the highest temperature of the arc, and which, hence, in 
the past, were practically unknown, or produced only in the scientific 
sense, that is, in the smallest quantities, and with the greatest difficulty. 
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They had recourse, in short, to this new source of heat to obtain— 
whether in an industrial or in a purely scientific sense—the production of 
substances either altogether new or little known, and such as require 
laborious manipulation for their preparation, and they did not seek to use 
this means as a substitute for the old and only industrial source of heat, 
that is to say, combustion, in the ordinary metallurgic processes in gen- 
eral, and in iron smelting in particular. 


Very different, then, was the scope of my researches, which aimed, 
on the other hand, at finding out definitely if this new source of heat could 
be advantageously substituted ordinarily in the various metallurgic pro- 
cesses employed in the industrial world, and at determining, in case that 
this were possible, the series of practical arrangements to be adopted in 
order that this substitution might be rendered successful. 


Two difficulties then presented themselves to me from the first, on 
which it was necessary that I should fix my attention in order that I might 
be assured whether the grave problem which I wished to solve could have 
a practical and real solution. It occurred to me, namely, to establish, in 
the first place, whether the cost of a unit of heat generated from the trans- 
formation of electric energy into thermic energy would be sufficiently 
low to render possible (economically speaking) the substitution of the 
new source of heat for that hitherto used. 


Actual practice would certainly have given exact and manifold in- 
dications of the answer to both questions; however, before undertaking 
the difficult and costly experiments which would be necessary, I endea- 
vored to find out, by means of preliminary calculations, based upon data 
both of theory and practice, whether it were possible to arrive at conclu- 
sions (especially in regard to the first question), sufficiently approximate 
and tenable. 


The attempt was not unfruitful. It is known, indeed, that, consider- 
ing the low percentage of oxygen contained in the atmospheric air (about 
21% in volume), the single active element to which is assigned the duty 
of providing food for combustion in the ordinary furnaces, and consider- 
ing the necessity which appears in them, of forcing upon the carbon a 
quantity of air varying from one to two times as much as that which would 
be strictly necessary to burn the carbon of the fuel, a great part of the heat 
arising from the combustion is entirely lost, being absorbed by the nitro- 
gen of the air, and by the excess of air which must be forced into the fur- 
nace to assure the complete combustion of the carbon. 


The fact is, therefore, that the utilization of the potential heat of 
the fuel (I shall speak thus in order to be understood), in the ordinary 
furnaces is maintained to d very limited and low degree, varying, in fact, 
from 2% to 3%, and even less, in the ordinary fires of a forge, rising to 
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10% in the common reverberatory furnace, and reaching the maximum 
of 18% to 20% in those modern gas furnaces with regenerators (Martin- 
Siemens’ type). Only in the cupola furnace, and in the most recent blast 
furnaces perfected for re-heating the air, are such limits exceeded, reach- 
ing about 30% in the first, and 50% in the second. 


With the exception, then, of these furnaces, which, because of the 
peculiarity of their form, are suited only to specific processes of iron-smelt- 
ing (that is to say, the first to the simple fusion of pig, the second to the 
reduction of iron ore), in the other heating apparatuses used in metallurgy 
the utilization of. the heat of fuel does not exceed, in the most favorable 
possible conditions, 18%, or at the most, 20%. 


Therefore, in practice with the best coal (which because of the greater 
or less humidity at the time of its use, of the state of purity which 1t pre- 
sents, &c., produces always a thermal energy inferior to what it has in 
theory), we cannot calculate upon a thermal energy that can be utilized 
greater than: 

7500 x 20 


— SS = +500 calories 
100 


for each kg. of carbon consumed in the best possible conditions. 


It follows, logically, from this that the industrial employment of 
heat produced by the transformation of electric energy, is practically pos- 
sible and advantageous whenever 1,500 calories obtained by such means 
costs less than, or at the most as much as, one kg. of good coal in the local- 
ities in which the existence of rich deposits of coal render the great metal- 
lurgice industries possible and profitable. 


Now, remembering that the term dynamic horse-power indicates the 
work of 75 kg/m, equivalent to the electric energy of 735 watts, and 
adopting for the present the mechanical equivalent of heat; as 425, that is 
to say, that the work of 425 kg/m., must be transformed to obtain one 
calorie, it is easily seen that the electric energy of 735 watts expended 
for one hour continuously (which hour afterwards I shall call an electric 
horse-power hour), transformed into heat by means of the are, corresponds 
LOS === fee 


15 x 3600 — 635.3 calories 
425 


Naturally, not all this heat can be utilized and transformed into 
thermic energy, effective and able to be used, because the furnaces in 
which the transformation takes place absorb of themselves a part of the 
heat, which results in pure loss. Lacking, therefore, in this case the com- 
bustion, and hence the cause and the prime reason for replacing the loss 
of heat which takes place in the ordinary coal furnaces, the coefficient of 
utilization of the electric furnace should be very high, provided (it is well 
understood) that convenient arrangements will reduce the other losses 
usually produced by the transmission through the walls of the furnace, by 
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the mechanical effects, and by the convection of the surrounding air along 
the external walls of the furnace itself. 


And that this may be easily obtained is demonstrated by the fact that 
in the ordinary furnaces similar losses are always less than 10% of the 
Page 182: before line 1] from top, 
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duction of Iron and Steel,” calculates at about 4% the loss of heat through 
radiation, mechanical effects, and convection in the blast furnaces, which, 


because of their structure, present a vast radiating surface. 


80/,we are certainly not far from the truth. With this coefficient of the 

Fixing, then, the amount of heat set free by the electric furnace at 
utilization of heat, out of 635.3 calories obtained from the transformation 
of one electric horse-power hour into heat remains capable of being 
utilized :— 


635.3 x 80 — 508.24, 


% 


or, in round numbers, 500 calories. 


Hence, to obtain with electricity the thermic energy which is obtatn- 
ed in the ordinary furnaces from 1 kg. of good carbon, burned under favor- 
able conditions, it is necessary to employ :— 

1500 
500 
electric horse-power hours in the new apparatus. 

Therefore, the new source of heat is practically possible and profit- 
able whenever three electric horse-power hours cost less than, or at most 
as much as 1 kg. of coal in a locality rich in coal, in which, therefore, the 
smelting industry can exist and prosper. 

Let us see, then, if these conditions can be realized and to what ex- 
tent. | 
From the following table, drawn from the statistical data col- 
lected by the technical offices of finance for some of the provinces of the 
kingdom, it appears that on the average, in the recent hydraulic plants of 
a certain degree of importance established in Italy, the cost of the plant 
per dynamic horse-power, on the axis of the turbine, including the tur- 
bine itself, varies from 150 to 200 lire. 

“Adding to these 100 lire per horse-power for the electric part, a figure 
a great deal larger than necessary, it is seen that on the average the elec- 
trie horse-power costs for installation from 250 to 300 lire, a value which 
agrees perfectly with those of many plants which I have had occasion to 
visit, and of which I am in a position to know the exact cost. 


Table of average values of motor power for each province, computed 
in the year 1897-1898 :-— 
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Cost for the Effective Installation of each 

Horse-Power. 

wis » Provinces. Motor Forces. 
Hydraulic. = ~—*| From Steam or from Gas. 
Min. | Mean. | Max. Min. Mean. | Max. 
fT) Alessandriag 9.275. -1/) 856 1192204 1150 "= 700 a 50 a aaee ae 
2 Cuneo Vee neta es ane Aen e 400 p49) 6 anit 990) 300 450 130 
Seng va tee es | 1200-| “600 |: 200 | 900 |- 350 | #200 
4 Massa-Carrara......... bab O00 300 200 | 600 500 400 
VLOG CHB rats con nee 600 | 200 150 800 550 750 
ON OWAEB ae wi aceacaee tee 300 130 130 300 400 200 
PARE ha 11) ee pete even: 700° | 300.) 200 |) 70071 = 350s ean 
Si Piacenza Coma oon F001 6800.) 3200121008 “S00 aetae 
DUP ANGAD sors a. eee B00 4 2220 E50 700 300 180 
LO Porto Maurizio. 24... .. 1000* | 6005)" 200-7) L000 450 200 
Io Reece Eatiacce pe, 3. 1200 ; 600} 1380 | 1000 600 200 
LE OWIEO Ri, He ean om 300 | 180 150) 2.700 400 180 
SH SReSCIAloN tas aos Cage 700 | 1504) 9120.1 600712 005 a iad 
AF ncn eae oe 1000 | 800 | 650 | 800) 220| 180 

| 


Allowing 10% per annum on the capital for interest and deprecia- 
tion, and calculating at 10 lire a year per horse-power, the expense of 
operating, and the maintenance of material, we reach the conclusion that 
the cost of an electric horse-power year will be 40 lire, and hence, sup- » 
posing the plant to be used for only 7,000 hours a year, the cost of the 
electric horse-power hour will be: 

40 


= OND Taine: 
7000 


From this it follows that the three electric horse-power hours, equi- 
valent, as regards thermic energy, to 1 kg. of good anthracite, will cost 
0.0057 x 3 equals 0.0171 lire. This signifies, that, when elec- 
tric energy can be obtained under the average conditions of the greater 
part of the large plants until now established, when it is used in the place 
where it is produced and transformed into heat in the metallurgic sense, 
this heat costs the same as that produced in the ordinary furnaces which 
are most recent, and adapted to a fuel capable of developing 7,500 calories 
per kg., which can be obtained at the rate of 17.10 lire a ton, a price cer- 
of determining all the practical particulars to attain the industrial realiza- 
tainly not high, even in countries rich in coal. 


The problem was then capable of a practical and profitable solution ; 
it was worth, moreover, the trouble of accurate research, with the aim 
tion of the desired idea. 


Encouraged by the favorable results of this preliminary calculation, 
I undertook the investigation of particulars, seeking, in the first place 
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(without losing sight of the general problem of applying this source of 
heat to metallurgy in general), to make it of value in the production of 
iron from its ores; because the various iron products are acquiring as first 
material a continuously increasing importance in modern industry through 
the low price which they have in the market, and they are particularly 
the materials most commonly used in commerce; wherefore, the cost of 
fuel becomes a factor of the first importance in the expense of production 
—so much so as to render, indeed, impossible, or almost so, the iron in- 
dustry in those countries which, being unprovided with coal, are forced 
to import it, and consequently, obtain it- at a high price. 


So also in this case, before preparing to obtain practical proof, I wish- 
ed to examine the field, by means of previous calculations based upon 
scientific and practical data already known, with the purpose of assuring 
myself, if it was possible, and worth while to solve this weighty problem. 


Now, if we call to mind the manner in which the reduction of iron 
ore has, up to the present, taken place in the blast furnaces employed for 
' this purpose, we may easily understand that the coke employed in them 
performs during the processes two quite distinct and special functions. 
Burning with the oxygen of the air, it produces the heat necessary to effect 
the decomposition of the crude ore, and the fusion of the sponge of iron 
produced, and of the slag accompanying it, acting thus as a source of heat. 
Besides, it furnishes the carbon necessary to saturate the oxygen of the 
oxide of iron of the ore, which is set free in the act of its decomposition. 
and which, under the form of oxide of carbon and carbonic acid, is vx- 
pelled from the furnace, together with the nitrogen of the air necessary 
for the combustion of the coal. This comprises, therefore, the work of 
the reducing element. 


In consequence of this, it should be remembered from the first that 
‘in making the proposed substitution of heat radiated from the are for that 
produced from the combustion of carbon in the production of iron, it was 
not possible to eliminate completely the use of carbon, which needs al- 
ways to be added to the ore in a quantity sufficient to furnish the carbon 
necessary to saturate the oxygen of the ore. 


Therefore, since this carbon should be transformed into CO rather 
than CO,, because only the first of these gompounds of oxygen and 
carbon is permanent at high temperature, the fuel so employed cannot be 
considered as consumed during the reducing operation, in which it is sub- 
jected to a simple transformation into gaseous fuel, in which new state it 
can be collected and used for the successive processes which the metallic 
product received from the electric furnace require to pass through. 


On the other hand, when we consider that, knowing the exact com- 
position of the ore and of the carbon to be added to it as a reducing ele- 
ment, it is possible to calculate exactly the quantity of carbon to be mixed 
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with the ore, we recognize at once that, having succeeded in rendering 
practicable the substitution of the new source of heat for the old in fur- 
naces for the reduction of iron ores, it should be possible to obtain directly 
malleable products without the intermediate stage of castings, which, of 
necessity, must have a place with the ordinary blast furnace. 


And this is evident because in the blast furnace the carbon performs 
the two functions of reducing element and source of heat. It is necessary, 
therefore, in order to insure the success of the operation, always to charge 
carbon in excess. As a result of this, the iron produced being in the 
nascent state in contact with carbon, absorbs a perceptible quantity of it, 
losing thus its characteristic malleability. 


After these considerations of a general kind I passed to the calcula- 
tion of the amount of heat which would be necessary to effect the reduc- 
tion of a determined quantity of iron ore, and the fusion of the metal ob- 
tained, and its attendant slag, in order to find out the quantity of electric 
energy which it would be necessary to expend for the production of a cer- 
tain quantity of iron with this new system. 


The comparison of the cost of this energy with that of the carbon 
necessary in the ordinary processes to reach the same result would give a 
sufficiently approximate idea of the greater or less expediency of adopt- 
ing such a system. 


The results of such a comparison, which experience has since fully 
confirmed, were gratifying, so that, after having thus examined in all its 
particulars the question a priori, | undertook forthwith the practical ex- 
periments. 


Before passing, however, to the exposition of the results of the 
numerous and exhaustive experiments performed, I think it will not be 
useless to set forth such preliminary calculations as will render it more 
easy afterwards to estimate and appreciate justly the practical results. 


Let us suppose we are working with 100 kgs. of iron ore, say the 
specular iron ore of the Island of Elba having the following compostion : 


Heh Oa ARES rcig Elec eee cae 93.020 ie 
Minx O ne Lae e ion oe eee, O19 
Si Ox Sti o BEC ey OeauSareo bro be we 3.790 ‘ 
P22) eek Eee, ene nee 0.05858 
cht cate URS is aay ee ees 0.050 5a4 
Or Bell Goal ar tiie amie re Pear OOO NS 
Moisto ten See tie eee LEO OT eae 


Having made the necessary calculations for the charge, and for the- 
carbon necessary to absorb the oxygen of the Fe,O;, which I omit for 
brevity, the result is that the mixture of ore, carbon and flux with which 
the furnace is to be charged, should be thus proportioned : 


4 


Pd 


= 


OT Ome eS to est oy ae oe OL RS 100.00 
GS rponeecen tin peur Kiya see 23-00 
LOT aaaY el (3) SRE ARR eae gee eon ae eat eae es al 1550 


The carbon and the lime to be added should have respectively the follow- 
ing compositions :— 


Oi eee 90.42 % 
pie iar ire oh tala Saorebey 
Moisture Bec 

(CE ON eee ee reas ts Se bead gh 

PEO) ea tne ae Mess 
AL sO; Bee, . O50 
SiO, RM Sra ds 0.90 « 
CO ee, AS Aa 


In detail, then, to reduce the 100 kgs. of the ore above mentioned, 
there would le riaced into the ieee 


93.020 Kos--of FeO... 5% with ore 
Oe nO a Lk, a aie 
aie Oem IO en ary Laat g: 
EO Mere re eee pene 
ELD, STS Siege carn aren nae let 
Oe oa. Os Mol). 05 « “ 

The (AG) © etait bes tie ae eae eas eras 

PASS NESE (Oe enna a eR with carbon 
eS eee PASI con Stor, ete. 
LONI SS Oi eae eee Cee 
GO le Oa es as with lime 
Oo me OO n, Gee ets Seas 
Dts = ALO MeO... ay a 
Og Ort har 
epee OO, ok eee 


Now, holding at present that :— 


(a) to effect the decom position of one molecule of Fe,O, 


(160 gr.) we require.... 2 HO2000> “cal, 
(b) to evaporate 1 Kg. of H,O transfor ming ib ints vapor 

MO ema ITO buen Mies yes eh oN sn eg ec ea a 631,0002%) * 
(c) to raise by 1° the temperature of one Kg. of aqueous 

SiO tate lO Omi We LEG MISC: n5.cemk sca koe Nive nas 0.480 “ 

(d) to calcine 1 Kg. of lime we PEQUUIOS aetie cc cac a okt eS A: DOO sae 
(e) to raise by 1° is temperature of one molecule of CO, ee 

(44 SU CET COUILO tee GbG. Ges atisko er Sao eho 4) sonege oa “Ol Osis 
(f) to raise by 1° the temperature of one molecule of CO peer ge 

Pertwee LOO ULES eta eho oh os bane nor see iateae es oes wate 
matomelt | Ko. of iron we require’... 2.06. atl eee ns 350.000 K 
Seerormelt | Ko of slag-we require: 0.4 ere cs nee 2 600.000 - 


(i) by burning 1 Kg. of C into CO there are developed .. .2175.000 


187 
And supposing that the volatile products of the reactions escape from the 
furnace at a temperature of 500°, it will be quite evident that the heat 
necessary to reduce 100 kgs. of ore, and to melt the resulting products, 
amounts to 111,940,627 calories, namely : 


For the reduction of the ore: 
O93 020 92 


OS PAENEY RR RRR ty Ve eens Calories 111,624.000 


0.160 
For the evaporating of the H,O of the ore and of the 
carbon : | 

CaO 12 OVC Bindu, Oat Reet ee 1,866.410 
To raise to 500° the aqueous vapor: 

DO SO gor LORS: PA OO SoS ee are pai on oes s 562.560 
To calcine the lime: 

NDP) SAD sys ce oe oe ea ee rau sg 5,312.500 


To heat to 500° the CO, resulting: 
(5.429 x 0.016 x 500 


eS Ss Sa A ce ee 987.090 
0.044 
To heat the CO, which is produced by the reduction of 
the Fe,O,: 
20.900 : « 
ie. x U:D0CSS O00 tere aa. meee 5,921,667 
To melt the iron produced: 
Da G20 0 OM Poe 
soll cel steel uted EAT CPIM es ge eae ny « 99-789. 
ag: 789.900 
To melt the slag: 3 | 
1323.9 OOXKF OOO Cite cae CMe ee, rene leas eee coal 8,334.000 
Dota cianey wb ae een en FSIS BaGeakead 


Deducting from this the calories developed from the combustion of 
C changed into CO, that is :— 


2 ODO Ore 2A to ee cae ee ae a eh eee 45,457.500 
Theresreniain see wae wee 111,940,627 Cal. 


to furnish, which, allowing that the available heat of the electric furnace 
is 80%. 

111,940.627 

635.3 x 0.80 


electric horse-power hours. And, therefore: 
93,020 «- 0.112 

0.160 
For each kg. of iron reduced we require: 
220.25 
65.114 


= 220.25 


= 65.114 Kgs. of iron 


=5.383 electric horsepower hours 
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Now, to produce 1 ton of iron, substituting the new thermic source 
for the carbon employed in the ordinary processes, we need 3,383 electric 
horse-power hours, which, at the price of 0.0057 lire, means an expendi- 
ture of 19.28 lire; opposed to which is the cost of fuel in the ordinary 
processes needed to produce about 1,150 kgs. of pig, in the blast furnace, 
and besides what is necessary to refine it and change it to a malleable pro- 
duct. | 


Now, among all the modern processes for refining pig, the most econ- 
omical with respect to the amount of carbon consumed is certainly that 
which had begun to be employed in some steel works in which the pig just 
tapped from the blast furnace is treated in a Bessemer converter, saving 
thus the re-melting in the cupola furnace, and the shrinkage which takes 
place in the metal in this second fusion. Let us see, therefore, how much 
carbon is necessary in this case, supposing that the heated fuel gas escap- 
-ing from the blast furnace may be employed to work the blow-pipes, and 
all the accessory mechanism of the converters. 


With a rich ore, as that of which I have above given the composition, 
in a blast furnace well constructed, provided with improved apparatus to 
pre-heat the charge, and with all the best of the recent suggestions of 
modern metallurgy, the consumption of fuel per ton of pig can be reduced 
to a minimum of 800 kgs. of good metallurgic coke, to obtain which it is 
necessary to use at least 1,100 kgs. of coking coal. Thus, to produce the 
1,150 kgs. of pig which must be charged into the converter for each ton of 
malleable product in ingots received from the refiner, there are needed: 


1100 x 1150 
1000 
of coking coal. Supposing that this costs as much as the electric energy 
which we have seen to be necessary for its production with the electric 
heating system proposed, namely, 19.28 lire, it follows that the required 
carbon would cost: - 


= 1265 Kgs. 


a price which, if it is somewhat higher than that for which coal can be ob- 
tained in many localities of England, Belgium, Germany, We., will never be 
reached in countries which are not provided with coal. 

Now, if it is considered: 

1st.—That in the above calculation referring to the consumption of 
coal, I have supposed that the work is carried on under the most favorable 
conditions. 

9nd.—That not always, even in refining the pig with the Bessemer 


process, is the metal just tapped from the blast furnace used, nor are the 
heated fuel gases escaping from the blast furnace always employed to de- 
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velop the motive force necessary for the blow-pipes, and for the accessory 
apparatus for working the converters, and that in this case, to the carbon 
necessary to produce the pig, there must be added at least another 300 or 
more kgs. of carbon per ton of final product. 


3rd.—That when using, on the other hand, the Martin-Siemens’ pro- 
cess, the consumption of carbon per ton of malleable product is from 4 to 
500 kgs. additional to that necessary to produce the required pig. 


4th.—That, finally, the iron and steel produced in countries rich in 
coal, when they reach those which are not so provided, Italy, for example, 
are burdened with the cost of transportation, equal to, or even greater 
than, the cost of the fuel necessary to produce them. 


It is easily recognized that, if we succeed in rendering practical the 
projected substitution of the heat from the are, for that obtained by com- 
bustion, with apparatus that is practical, simple, easily managed, and able 
to utilize 80% of the energy expended in it, the problem will be complete- 
ly solved, both in the economic or technical sense, and it will be possible 
to inaugurate and develop a flourishing and vigorous metallurgic industry 
in many countries where, for the lack of fuel, it has been impossible to 
realize this. | 


After this I could calmly begin the experiments, the scope of which 
has been so definitely outlined. One other doubt, however, kept me from 
commencing operations at once upon a large scale, which was the fear lest 
at the high temperature which would prevail in the new furnaces, the re- _ 
actions from which the reduction of the ore was to be produced, would not 
take place as they took place at a lower temperature, but would give place 
to successive decompositions and recombinations, which would radically 
modify the consumption of energy already established; and that the metal 
produced in conditions of temperature so different, would assume an allo- 
tropic state differing from that which it ordinarily assumes, and which 
therefore, could not be successfully utilized. 


A preliminary series of experiments, made on a relatively small scale, 
convinced me of the lack of foundation for my doubts, after which I un- 
dertook definite experiments, which were performed with a furnace that 
used 130 horse-powers near the central electric station of Rome, at the Ste. 
Maria dei Cerchi shops. 


This furnace, represented by the figures 1a and 2a, was essentially 
constructed from a small blast furnace, with a small enclosure, in which, 
at the places of the tuyeres for the introduction of air to feed combustion, 
the two carbon electrodes were inserted, between which the are was estab- 


lished. . 


The electrodes, placed upon elongations of two strong copper rods to 
which were fastened the cable conductors, could be easily operated by 


190 


means of three groups of conical cog-wheels, controlled by a special operat- 
ing wheel and shaft, which is shown by the fig. 2a. 


A hopper, with double lids placed in the higher part of the furnace 
permitted successive chargings of the ore in such a way as to eliminate 
completely, or almost so, during the charging the escape of the volatile 
products which were formed in the furnace. Two apertures placed in the 
upper part of the internal lining of the furnace, and prolonged to the ex- 
terior by means of two suitable tubes, also represented in the figure, serv- 
ed to conduct to the exterior the gas which was generated in the furnace 
during the process, which, before being collected and utilized, passed 
through a hydraulic valve (barilet), shown also in fig. 2a. 


Making allowance for small inconveniences in details arising from the 
nature of the lining at first adopted, and from the form of the electrode- 
holders—inconveniences which were found in the first experiments—the 
furnace worked quite regularly from the first, showing a complete corres- 
pondence between the theoretical data calculated a priori and those ob- 
tained by experience, whether we consider the chemical aspect of the pro- 
cess or the utilization of the heat radiated from the are. 


The hope, then, of being able to reach a practical solution of this im- 
portant problem, to which the preliminary study and the first experiments 
had given rise, was transformed into certainty after this second series of 
experiments, although some defects in the accessories of the furnace and 
of some other secondary particulars were made evident, these experiments 
had not alone confirmed entirely the accuracy of the premises from which 
I had started, but also furnished methods of eliminating those difficulties 
which had arisen during the experiments. 


After having modified, however, some of the particulars of the fur- 
nace, for example, water-jacketing the electrode-holders to prevent their 
being heated to excess, which had several times caused their fusion, and 
changing the arrangement of the hopper, I began a new series of experi 
ments with the same furnace, as soon as the hydraulic electric plant of the 
Darfo office was partly finished, so as to permit me to use one of the alter- 
nators there installed. 


On this occasion my aims were these: To show that many of the 
modifications made in the furnace as a consequence of the experiments at 
Rome, accomplished exactly the purpose for which they were devised; 40 
devise others in order to improve still more the working of the apparatus ; 
to find out what power of current was best adapted; to establish the dimen- 
sions of the furnace, and so forth. 


However, being able to prolong the work for several consecutive 
hours (a thing which, at Rome, through the exigencies of the public ser- 
vice, for which the general station, from which I received the current, was 
designed, I was never permitted to do), an inconvenience which, at first, 
was not manifest, began to make itself apparent. 
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To give an account of this inconvenience, which, as will be seen 


afterward, led me to modify radically the form of the furnace, it is desir- 
able to go back a little and to examine the method in which I had prepared 
the ore at first for charging, and how I managed the charging, and pro- 
ceeded with the work. 


It is known that in the ordinary blast furnace the reduction of ore is 
due to the action of carbonic oxide rather than to the direct action of 
carbon upon the oxide of iron in the ore itself, which oxide of carbon is 
generated in the lower part of the furnace, and which, coming into con- 
tact with the oxide of iron at the temperature of decomposition of this lat- 
ter, appropriates its oxygen that it may become carbon dioxide, and leave 
the metal free. 


This condition naturally would not be verified in the case of the elec- 
tric furnace, because, there being no combustion, the oxide of carbon, 
which acts as the essential reducer in the blast furnace, would be want- 
ing; hence, to be able to reach the desired aim, it was indispensable to 
arrange that near to each particle of oxide of iron should be found that 
particle of carbon designed to absorb the oxygen—a fact which led to the 
necessity of pulverizing the ore and carbon, and mixing thoroughly the 
two pulverized substances in the desired proportions. © 


To make more thorough and stable the mixture of the pulverized 
substances, which, on account of their different densities, would have 
easily separated according to their respective weights, I thought of unit- 
ing the mixture with an agglutinative substance, such as tar, resin (pitch), 
or the like, reducing it by compression into a conglomerate mass, which 
would then be introduced into the furnace. 


Operating in this way, the charging of the furnace was managed in 
the following manner. After having heated the furnace for some time, 
by means of the arc, without charging it at all, I introduced into the fur- 
nace itself an iron grating of such dimensions as to stop in the interior 
cavity at 20 centimetres above the arc. Then, from the hopper I com- 
menced to charge into the furnace the mixture, which, naturally, was 
stopped by the grating. 


After a certain time the grating became fused by the heat of the are; 
the ore, therefore, which was in contact with the grating during the time 
in which the latter was being gradually heated to the melting point, be- 
gan in its turn to be reduced; in this state the single bits of the conglom- 
erate mixture which lay upon the grating became fused together, forming 
above the electrodes a sort of arch, which remained intact and supported 
the superimposed charge, even when the support of the grate was with- 
drawn. 


In proportion as the heat radiated from the are spread through the 
mass of ore so situated, the reduction of the oxide of iron took place, and 
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the fused metallic mass, in the fluid state, passed through the ore not yet 
reduced, and dropping from the arch, fell upon the bottom of the crucible, 
where very soon it constituted the metallic bath which, from time to time, 
was drawn off through the tap-hole. 


A similar process would go on with the slag, which assuming the basic 
nature of the lining of the furnace, would become very basic, and hence 
difficulty fusible; its fusion would not then be parallel to that of the 
metal, so that after ten or twelve hours of continued fusing, the space ex- 
isting above the arc presented a layer of notable thickness, composed of 
compact and hard slag. ‘This absorbed, to a great extent, the radiation 
from the arc, thus preventing the heat from being transmitted to the ore 
above, which, therefore, was reduced with great difficulty, and also pre- 
vented the heat from reaching the small amount of metal which was pro- 
duced. Under these conditions, I could go no further, and was forced to 
suspend operations. 


This fact, the seriousness of which anyone can understand, gave me 
great anxiety, because if it was not possible to eliminate completely this 
difficulty, it would have compromised the final success of the desired pro- 
cess. 


However, after long and patient researches, and numerous experiments, 
I succeeded in establishing that, by making the mixture to be reduced pass 
below the arc instead of placing it above, as I had up to that time done, 
although the material was all at once exposed to the high temperature of 
the furnace, and not heated gradually, as was the case with the blast fur- 
nace, the reactions took place just the same, and the metallic bath was 
formed without any inconvenience. 


After these favourable results, I abandoned without hesitation the 
funnel form at first given to the furnace, and adopted the hearth or re- 
finer’s shape. So transformed, the furnace, as may be easily understood, 
became suitable not only for the treatment of mixtures of ore, but permit- 
ted the refining of the pig by the reaction process (Martin-Siemens), and 
could also be employed as a simple fusion furnace. 


When, however, air was not to be admitted to the furnace to effect 
the refining of the pig, it was necessary to introduce sufficient ore to fur- 
nish the oxygen required to burn the impurities, following the method 
ordinarily employed in the metallurgy of iron, and known by the English 
name of ore-process, in which the ore, being reduced, sets free the oxygen 
which should oxidize the impurity of the pig. 


Numerous experiments performed with the furnace so transformed 
demonstrated clearly that in practice, as a result of the modifications 
above indicated, iron, steel, and compounds of iron with other metals, such 
as manganese, chromium, nickel and others, could be produced, whether 
directly from the ore or by refining the pig by the ore-process, and fusions 
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could be effected of masses of iron and steel from pieces, both large and 
very small, of these metals. | 


The figures 3a, 4a, 5a and 6a indicate clearly the manner in which I 
modified the primitive high furnace in consequence of the experiments 
performed- of which I have before spoken. For the greater clearness cf 
these designs, which represent the first furnace of 500 horse-power con- 
structed at Darfo, it will be well to add, that in it the movement of the 
electrodes, in place of being accomplished mechanically by means of the 
group of conical cog-wheels employed: in the first furnace of 180 horse- 


power adopted at Rome, was effected by means of hydraulic pistons locat- _ 


ed above and away from each carbon. 


During these experiments, however, while the new arrangement 
showed very distinct advantages, there appeared an inconvenience which, 
in certain circumstances, was not without grave and deplorable conse- 
quences, namely, when reducing fusion was carried on in the furnace, the 
utilization of the heat expended in the furnace became notably inferior 
to that which was possible when the furnace was used for simple fusion. 


The phenomenon was not difficult to explain. However little ex- 
perience one may have in this matter, one can easily understand that when 
effecting the reduction of the ore, as well as the refining of the pig, there 
is a period in which the reactions are most active, and which coincides ex- 
actly with the beginning of the operation, while by degrees, as the reduc- 
tion of the ore or the refining of the pig reaches its conclusion, these <e- 
actions take place more slowly, because the contact between the particle 


of oxide to be reduced and the carbon which should absorb the oxygen, or — 


between the oxide of iron and the manganese, the silicon or the carbon 
itself of the pig (in case of the process by reaction), becomes more dif_i- 
cult and infrequent. 


It follows, logically, that in the first period the quantity of heat ab- 
sorbed by the material to be treated is greatest while the quantity neces- 
sary becomes continually less as the reaction approaches conclusion, at 
which time it is sufficient to supply the furnace with the thermal energy 
strictly necessary to replace the loss, which the furnace will itself show, 
by maintaining the fluid bath and allowing the last operations of refining 
to be effected. 


Now, in this period, which, in order to be understood, I shall call 
“the digestion of the bath,” it is possible, with the ordinary coal fur- 
naces, to manage the fires economically by reducing to a minimum the 
draft of the chimney, while in the case of the electric furnaces, this thing 


is not equally possible, both because it is not possible to reduce at will the 


quantity of energy which is to be expended on the are without encounter- 
ing the grave inconvenience of making the are excessively unstable; and 
because in an hydraulic electric plant, in operating without a full charge, 
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there 1s no economy in expense, but rather a proportionate reduction in 
the power of the plant, which leads to a pure loss. 


To eliminate, therefore, this inconvenience, I thought of construct- 
ing furnaces so that they could be operated with two or more arcs. In 
this manner by establishing all these at the same time, or by extinguish- 
ing some, and at the same time reducing as far as possible the amount of 
energy to be communicated to those that are active, it would be possible 
and easy to make the quantity of heat to be given out vary within wide 
limits; while by keeping two furnaces at the same time in action, it would 
be possible to have the generating station always working with a full load, 
and hence in the best conditions for doing the work, although care should 
be taken to regulate the operations that are to be carried on in the two 
furnaces so that when the maximum amount of heat is needed in the one, 
only a little requires to be spent in the other, and vice versa. 


Figures 7a, 8a, 9a, and 10a represent such a furnace in which the 
number of pairs of electrodes, and hence of ares, is fixed at three. The 
clearness of the figures makes it unnecessary for me to give a detailed 
description. I shall limit myself merely to point out that here also the 
movement of the electrodes is effected by hydraulic pistons controlled at 
a distance from the operating valves. 


With furnaces so constructed, besides eliminating all the grave incon- 
veniences which I have above pointed out, there is obtained also the very 
decided advantage of multiplying the capacity and consequently the 
potentiality of each furnace, enabling it to be operated with the highest 
intensity of currents which can be carried by the electrodes, and which 
modern industry is in a position to furnish. 


In view, however, of the complicated nature of such a type of fur- 
nace, whether through multiplying the number of electrodes which must 
be regulated in it, or, and more especially through the fact, which I have 
already pointed out, that to utilize completely the energy placed at our 
disposal by the generating station, it is necessary to have two furnaces 
operating at the same time, the operations being regulated in each of 
them in such a way that, to the maximum need of heat in one corresponds 
a minimum power of current in the other, I thought of studying some 
other arrangement which, permitting me to shorten the period of diges- 
tion of the bath, would place me in a position to work with the greatest 
possible economy of current, as well as without varying the quantity of 
energy to be transmitted to the furnaces according to their requirements. 


Now, the high temperature which is obtained with electric furnaces 
facilitates, notably, the combination which takes place in the reduction of 
ore, and in the refining of pig. Of this I have had strong confirmation 
from all the experiments performed. Provided, then, that I were to suc- 
ceed in adding to this favourable condition represented in the furnaces 
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already constructed, some arrangement which would permit me to treat 
and remove the metallic mass during the reducing fusion, I would have 
completely attained my object. 


It is knowv’, indeed, that a remarkable economy of time and fuel is 
obtained in the operation of refining pig by the process of Martin, of Per- 
not, with his furnaces (with movable hearths), concerning which Bell, in 
the work mentioned above, referring to the results obtained with them at 
the works of Saint-Chaumond, thus expresses himself :— 


‘The average of work in 1877, during four weeks, was 3.27 charges 
in 24 hours, in the place of two charges as in the furnace of Siemens.” 


“In the place of 600 kgs. of coal per ton of ingots, a reduction was 
made to from 450 to 500 kgs. In the same year the average of the dif- 
ferent charges was 4.09 in 24 hours, and the consumption of coal was re- 
duced at least to 400 kgs. per ton of ingots. The iron and the pieces of 
steel were placed cold on the first hearth.” 


The path for me to follow was, therefore, clearly outlined. To ob- 
tain, however, good conditions, it was necessary for me to find a means of 
eliminating (adopting the idea of the movable hearth) the grave difficulty 
which is seen in the Pernot furnaces—to which is essentially due the 
limited use that has been made of this furnace. The difficulty proceeds 
from the fact that these furnaces should inseparably consist of a fixed 
part, within which are placed the gas and air pipes, and of a movable part, 
consisting of the hearth, which are protected by surfaces consisting of re- 
fractory materials. 


If, then, a portion of refractory material is detached from the furnac, 
or any other extraneous body whatever penetrates the space between the 
fixed part of the furnace and the movable hearth, it will hinder the move- 
ment of this latter, rendering impossible the execution of the work. Be- 
sides this, the stream of cold air which, brought by the draft of the chim- 
ney, penetrates constantly to the interior of the furnace from the annular 
space which separates the fixed part form the movable hearth, and this 
makes still more difficult the work with this apparatus. | 


After a long study and divers attempts, I succeeded in devising a 
movable furnace which was easy and certain of operation, and enabled me 
to realize all the advantages of Pernot’s, but free from its difficulties. 


From figures 1la, 12a, and 13a, it will be clearly seen how, in 
that furnace, the movement of the entire chamber of fusion is effected, 
preventing, however, stoppages, influxes of cold air upon the bath, and the 
great cost of maintenance, which disadvantages connected with the Pernot 
furnaces prevent their being as largely employed as the advantages they 
present would lead one to suppose. It will also be seen that the axis of 
rotation of my furnace coincides with the axis of symmetr) of the inter- 
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nal cavity, which includes a small angle with the vertical: This disposi- 
tion of the axis of rotation renders the mixing of the bath very effective. 


This favourable condition joined to the other, which is so easily veri- 
fied in electric furnaces, viz., the high temperature which is established in 
the interior of the furnace, renders this new type much superior to that with 
more electrodes, especially when reductive fusion is to be carried on, on 
account of its extreme simplicity of operation, and on account of the sure- 
ness of action which characterizes it, and, in short, on account of the great 
economy of time and of heat, which its employment permits of. 


As appears from the above-mentioned figures, the tube, in which the 
furnace terminates above, and which serves to give egress to the volatile 
products of the reactions which take place in the furnace, is furnished 
with a cup which surrounds it, but open on top. Into this cup fits another 
tube which, being fastened to the walls of the enclosure in which the fur- 
nace is placed, remains stationery even when the furnace rotates. 


The cup of the tube which is fastened to the furnace being filled with 
sand, prevents volatile products from escaping from the junction of the 
fixed and movable tube, and serves to direct the volatile products for 
utilization, notwithstanding that the furnace in which they are generated 
is movable, and rotates about its own axis. 


Two strong metal rings, fastened to the fixed tube above mentioned, 
which are clearly seen in figures 11a, 12a and 13a, electrically isolated, 
however, from the tube itself, serve to conduct the current, which is dis- 
tributed to them by cables, to the electrode-holders by means of brushes, 
which run along the rings with the movement of the furnace. 


With this arrangement of strong and simple apparatus, the current 
is as continuous when the furnace is in motion as when at rest. 


After having enunciated the general theoretical considerations from 
which I set out to discover if the grave problem which was proposed to 
me was susceptible of a real and practical solution, and after having re- 
lated the experiments performed to realize this, and described two types 
of furnaces—that with several pairs of electrodes and the one capable of 
rotation—the invention of which was based on the results of the experi- 
ments, and which represented the material solution of the problem, I 
shall complete the short exposition of the electro-thermal process which ik 
am defending by going over again the data of facts and numbers which 
have been gathered from the numerous experiments performed, from 
which it will be possible to deduce with great ease the technical and econ- 
omic value which the process itself possesses in many actual cases. 


After the general theoretical study had been made, that which was 
to be determined by practical experiments consisted in establishing the 
form of the furnace, and of its accessories, best adapted to its purpose, 
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&c., maximum power of each furnace, the dimensions of the internal 
cavity in proportion to the amount of energy to be expended, in such a 
way that, while obtaining the temperature necessary for the complete suc- 
cess of the operations to be accomplished, it remained within such limits 
as to insure a reasonable duration of the internal lining of the furnaces. 
In addition to this should be determined the consumption of the elec- 
trodes which took place during the work. Besides this, it was also of the 
highest importance to determine if it was possible with the new furnace 
to obtain that continuity of work which those until now employed in 
metallurgy offered; if, always treating in the same way the same quality 
of mixture, it was possible to obtain the same type of product, and, finally, 
above all, if the consumption of energy was maintained within the limits 
fixed a priori. 


As far as refers to the form of the furnace, and to the mode of work- 
ing it, little remains for me to add to what I have above explained by giv- 
ing an account of the successive transformations brought about in it be- 
fore reaching the two final types above indicated. I shall confine myself 
then to noticing that, after the last modifications introduced, the appar- 
atus, both from a mechanical and an electrical point of view, worked with 
extreme regularity and exactness, even when the work was prolonged for 
several days, as can be amply attested by many competent persons, who 
had an opportunity of being present at the experiments. 


If, as I have already indicated, the determining of the form of the 
furnace and of its accessories was rather long and difficult, not less difh- 
cult was the determination of the dimensions best adapted to the internal 
cavity of it in relation to the quantity of energy which was to be used, and 
of the manner of making the refractory lining, which, for a long time un- 
doubtedly, constituted the greatest difficulty which I had to overcome dur- 
ing all the long period of the experiments, and was the principal cause, 
and often the only one, of the partial lack of success which, in the period 
of experimentation, had to be met. | 


However, after accurate and patient effort, I have succeeded in es- 
tablishing the proper relation between the potentiality of the furnace and 
its internal capacity, so that the last experiments, lasting for many con- 
secutive days, have clearly demonstrated, with the evidence of facts, that 
it is possible to make arrangements in such a way as to assure a good con- 
servation of the lining of the furnace, lasting for at least as long a time 
as that of an ordinary Martin-Siemens furnace. 


| In the course of these last experiments performed with the furnaces, 

I had also an opportunity of showing that during a regular and prolonged 
operation, the consumption of the electrodes was notably reduced on account 
of the complete absence of air in the interior of the furnace, of the 
system of cooling adopted all around them, of the method of connecting 
them with the metallic rods of the apparatus, &c., &., so that with good 
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carbons, 1.50 m. long, as they are now commonly madv, one may succeed 
without any difficulty in using them for 60 or more consecutive hours, 
even when attaining high limits in the intensity of the current which flows 
through them. 


The chemical and thermic detailed accounts of some operations per- 
formed, which are here reproduced in the following examples, offer a 
means at least of finding: how it would be possible always to attain the 
same type of product by treating in the same manner the same mixture; 
the degree of purity of the materials which are received from the treat-— 
ment of the ore, and the consumption of energy necessary per unit of 
weight of iron produced. 


To render the examination of the given tables more easy and clear, 
and to permit of a true estimate of the very important and exhaustive con- 
clusions that are deduced from numerical data given in them, I think it 
will not be useless to state :— 


1st.—That the experiments which are referred to were made on two 
different days, during the first of which (examples A, B and C), the quan- 
tity of energy used by the furnace in the course of the various operations 
was maintained constant, while in the other (examples D and KE), regulat- 
ing at our convenience the admission of water to the turbine, I made the 
current supplying the furnace vary approximately according to the needs 
of the moment. 


2nd.—That the different chemical tables of the single operations 
were compiled in such a way as to make visible at a glance the quantity 
of materials charged, and of those which, in consequence of the reductions 
passed into the final product obtained. | 


3rd.—That the percentages shown in the column: “ Coefficients 
of utilization or of elimination,” represents respectively the degree of util- 
ization of the metal of the ore obtained in each operation, and that of elin- 
ination obtained for all the other bodies different from iron, which consti- 
tute the impurities of the metal. 


4th.—That the thermic detailed accounts were compiled in a manner 
similar to that in which I calculated them in the beginning of the present 
treatise. 


5th.—That I have fixed at 500° the temperature at which the vola- 
tile products of the reactions, which take place in the furnace, escape froin 
it; because during the experiment I had occasion to establish that they, 
escaping into the atmospheric air, could spontaneously take fire only with 
great difficulty, which demonstrates clearly that normally they escape at 
a temperature somewhat lower than that of ignition, which will be from 
500°to 550°. 


EXAMPLE A. 
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PROCESS OF REDUCTION OF THE ORE. 


(alrop Orel, aha) a eee hee 1000 
: : 5 ig Bhs (ote ran eee No een 125 
A charge of 61.100 kgs. of mixture composed of. 4 SUR ohn Me 160 
LDA G cf She sa ce yee ee eee ene 120 
Coeffici- 
QUALITY AND QUANTITY OF THE MATERIALS. een 
ents of 
utilization 
: _ jand of el- 
a ae SuD= Charged Obtained cae 
eee: gr. er. y, 
Hes Oo ie sean uece 93.020 ie Fe 28,297.860 25,908. 220 91.55 
u MaOe ea ee 0.619 ‘ Mn 208.085 27.560 86.76 
OA SUO crag tenes 3.79051) 3S} 791.463 12.480 98.42 
- CaO, MSOlae. 0.500 *‘ S 25.222 19.500 22.39 
abe Riba hen aura Wale coe peo Vi 0.058 st P 24. 353 1.430 94.13 
5 : Pie Une kris 0.056 ‘ 
IM O1Sture secs wea, Le 20e: He y 
oe a ee pe senD THERMIC 
2 CAO Miers eat ae Fal 51.210 %| The quantity and the composition of the materials 
£ Hil eA OO YE ee aa erty es 3.110 ‘‘\charged in the furnace in this operation : 
RSI Ose en 0.900 « 
Me 0,500 “140.464 kgs. of Fe,O, 
~ POn a ; i ss oS s ae = Settee Candee | 
Se a fe) n Berar ee 
a BOO 650 ac SO ee ae raihae 
e2 (eli on CaOw vie Oars | 
ere a5 gi <ces OAR SOFT Oni a ens wean J 
ca) ° 
£9 One, ees SE neue 90,420 7, STRATA Oe ue ae eee ‘ 
aa g| ASR ete eee BASU AO MOO aie miot a) are cp | 
Oo| Moisture OOS O40) erat SiO eye . $ with lime 
0.02607 (> Vor Alc Oz he, Oz | 
2302 — aro co. ae se Oe Wee rte 
ae a UC Mixed (oes 020027 Gh O0 8s (iat omnis naar 
or & Hydrocarbons .... 40.500 0,270) 95 ae OL NO can ree ley with carbon 
Os) Ash oe 1 sce es 0.270.810, 3065 6 ob He O 4h ee hae 
3 O00 Sars OfR ey iaan tte rere 
PO OLAS og OUUA SI Oss ee abr with tar 
ae le an san ee 99.647 Z| 2116 “ of Hydrocarbons... 
o ) Nite eine wean eae 0.106 iS 
REE PP SIRE Ren SAe ot hg 0.0482 “ 
Oa Peat Oy ia le a augieve O.073— 35 
SPE 1 Segre ero Sa ree 0.0055“ 
O ts Se ete cheat 0-120 
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CHEMICAL AND THERMIC SCHEDULE. 


Product obtained 26.000 kgs. of soft iron. 


PROGRESS OF THE OPERATION. 


At 12.52’ the charging began and the current was turned on....... 100 voits 1000 amperes 
Para therchat eine Was ANiSheds (oi cs. ese smies sees) tees anes 100 « 1000 « 
PANES MUG scl AUIMeLCCic hla s as cod k sow oo dw de pienso! Mec wte'e eb e os 100. f 8c TO00} aise 

The total then of the energy furnished was 100 x 1000 x 86....... 8,600,000 volt-ampere- 

minutes, which with cos. Y = 0.8 is equivalent 
8,600,000 x 0.8 114,666 
to 60) Se 114,666 watt-hours = Oy 3k ie =156 H.P. hours. 
SCHEDULE. 


To reduce the Fe contained in the final product there are required 


25,908. 220 E 
van San ate DO ee ae stars. ors iat eR onate. ante aaa Rta torahs as 44,458.128 calories | 
To reduce the Mn contained in the final product there are required 
27.56 
a eee i cheesy. 2) batetinaa 47.880“ 
To reduce the Si contained in the final product there are required 
12.48 
ms ea Ort RY oie. iMble MIR EariaMele sso <e:-+ Sandan al ageeaha ols 93.936 .°* 
To melt the metal there are required 26 x 350........... see ee eee 9,100,000‘ 
To melt the slag there are required 5.300 X 600..........--.-55: Ge 3,180.000  ‘ 
To evaporate the H,O and bring it to vapor at 100° there are required . 
VA yas Rete eich ee tea 3% satay ay ats asaya aie ohare 9 (VG, eae ates L281 29 es 
To raise to 500° the vapor of 100° there are required 1.144 x 400 x 0.48 219.648 
To calcine the lime there are required 5.437 X 425.......6-202 ss eee 2S lOv Zona 
2.362 2) 
To heat to 500° the CO, there are required 9 944 * BOOS, O: ORG ye. 424.000 


«© «6 ¢¢ 500? the hydrocarbons there are required 2.116 x 500 x 0,27 318,860) >> 
«6 «500° the CO produced by the reduction of the Fe, Mn and ; 
Si there are required 


(3 x + als eon as 20500 0, 000San in eeraet DL Nas, 
APE) Gee Ce oars ee aan RS 1S AP eae Mei Re a 63, 155.008 ss 
Deducting from these the calories developed during the reductions by 
the combustion io CO of the C chareed 8,023'X° 2175). ¢ 0.1 717,450,000)”. & 
PMS rOrFOITIATING . fia oho ine shearer conemrain ie scaler ch acs 45,705.008  ‘* 


So the heat furnished being 156 x 635.3—=100,106.8 calories, the thermic return 


45,705 x 100 


WaS 100, 106.8 ==45,657, 
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EXAMPLE B. PROCESS OF REDUCTION-OF THE-ORE, 
(ColromOre. seer ae ee 1000 
ered Le ig He Ua tok Dae pen teen oy 125 
A charge of 49.500 kgs. of mixture composed of..... 4 Carbon of a eee 160 
EE A Fact. ty dk sven tein eae ene ea 120 
: 
QUALITY AND QUANTITY OF THE MATERIALS. Coeffici- 
ents of 
utilization 
Sub- Charged Obtained and oh ot 
ANALYSES * imination 
stances 
: als. gr. Oh 
|S BRIS fe Aiea oth PEP 93.020 % Fe 22,,925.516 21,942.080 91.33 
o MM niOme. Lor ah cree SOLIS: Mn 168.580 20.013 88.18 
1) SiO patie eee 3.790 * Si 641.204 4.599 99.29 
© CacOSeMerO nse coins. 0.500 °° S 20.434 13.020 36.29 
ci] Ss ona ete ee O00 8 eae. 19.729 5.187 73.71 
5 PU Fo hae eda at 0D O5Ges 
Moistage 2.0 bees T20e 
i THERMIC 
© ° 
E | CaO...-...... eee 51.210 %| The quantity and the composition of the materials 
4 | MgO...... -.e eee. 3.110 * charged in the furnace in this operation: 
o SIO} ene aa 0.900 << 
= Al, Oo; Hes One ae ee 0.500 ** 
se FO) COLE Asai ee 43.430 ‘:/82.772 kgs. of Fe.O,.... ...... } 
© (1218 wee Ror vi On nec ant nee 
LSSOUE EA LOL SOL©). xen. (lar ee 
O:TiG a emorsCa Oe Or sue. ‘ with ore 
OLO2 ORGAO LUD 2: ia rere eer 
OB Ce ae thee eed 09 O0-AZIIA? 0. 026 nor uP. . oman. lea 
ma A Sate eS ean eee S0007 sO COGMIE alot HH, Olen famouse ) 
5S Moisturetng 2. eee DJ O0NES 
D220 RSS ot Ca: wane swe ) 
OLSON SHEOL NTO) aren oro | 
= O:089 bo tot SO eer eee \ with lime 
we OW ihc oe ee Ger lees 20:200, 7, 0.02209 sAl, Oe Re; a. Gee 
2 ga) Hydrocarbons. ria. AU SUO Coe OMS SOL NC Ole tae eet ate meeree ! 
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e) 
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edo Woy ie am ee Be Neat 8) 0.022 «| 2.6038 ** of C...... .... eee. 
ae So. eae ee OG halon i of Hydrocarbons... } with tar 
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CHEMICAL AND THERMIC SCHEDULE. 


Product obtained 22.00 kgs. of soft iron. 


PROGRESS OF THE OPERATION. 


At 14.24’ the charging began and the current was turned on....... 100 volts 1000 amperes 
peiaee ieehareciie was finished wo... siiaeiects welsh eens Se KOONCE LOO a tamne 
SSolo.ov ithe metal melted; .y.. 4c. 23. Pah st Ne ANIM Mat gigs cll oes LOOT LOCO Ss 
The total then of the energy furnished was 100 x 1000 x 86....... 8,600,000 volt-ampere- 
minutes, which with cos. Y =0.8 is equivalent 
8,600,000 x 0.8 114,666 
to 60 = 114,666 watt-hours = as = 1o6 HP. hours. 


SCHEDULE. 


To reduce the Fe contained in the final product there are required 


21,942.08 : 
ery PS se Aart) cave NakN ote viele tele) eyave ea URirene ocacacesatelees 37,653.902 calories 
To reduce the Mn contained in the final product there are required 
900), : 
nae PMA a Meee gacR Se The rie dint shh i ianeitla +o 2) « a sah din Rupee « 34.424 <§ 
55 
To reduce the Si contained in the final product there are required 
ee PM LON mee eh sie eterna nel hac ate’ \/ Sv ahavieeyiea io 2 9)9 sha iao ateholo 9 si 35.949 |)“ 
To melt the metal there are required 22.000 x 350........ .seeeeeee 7,700.000 . 
To melt the slag there are required 4.350 x 600............++5: tee 2,610.000 
To evaporate the H,O and bring it to vapor at 100° there are required 
OZ nO Tarra wis eka a) ofesat oni: oy oc + DEAN Hetero rarer « 590.499 §* 


To raise to 500° the vapor of 100° there are required 0.927 x 400 x 0.48 177.984 i 

To calcine the lime there are required 4.400 x 475........5-0. eee eees 2,090. 000 
1.910 

To heat to 500° the C O, there are required 6 944 * 500 x 0.016... 347.200 ‘S 


To heat to 500° the hydrocarbons there are required 1.712 x 500 x 0.27 231.120 
To heat to 500° the C O produced by the reduction of the Fe, Mn and 
Si there are required 


21,942.080 20.013 AP BDO Mis A 
- i 2, 000 36am mes 
(3 x li2 Homan bie, (OS ) x 500 x 0.0068 5 


BULLE re yates e i ta eee Thee eo Vetigle we intnian se (ety iy nt Gye val lard Se) Boe 


Deducting from these the calories developed during the reductions by 
the combustion to C O of the C charged 7.061 x 2175... 15,357.675 ; 


TPREFEFeEMaAiN « 0 o ele wre custete cis vee beeen es 
So the heat furnished being 156 x 635.3—100,106.8 calories, the thermic return 
38,114.038 x 100 37.07% 


bore 100,106.8 
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EXAMPLE C. PROCESS OF REDUCTION OF THE ORE. 
Giron Oren. oie neuer e mee 1000 
are 
A charge of 57 kgs. of mixture composed of ......... : peice oye Cae a 
Pars. Saas ce ie eae een 125 
QUALITY AND QUANTITY OF THE MATERIALS. Coeffici- 
ents of 
Vara utilization 
and of el- 
ere a Sub- Charged Obtained ee ne 
stances 
er. gr. | e 
Feo Osie iol owacnieva som 93.020 % Me 24,028.800 21,931.800 91.27 
“AMIN RO GUN O Wel ie Crh hts at O.GLOs es iieNi A 191.400 23.980 87.55 
© ih SiO aie erate ene ne SAY ALP ai Si 730.240 6.160 99.16 
DOM Gr Hi Oya Ug © kal diate Sa ODOT ers oie 23.200 10.120 56.38 
De eel ietelts ciate el tae 0.058 ‘ P 22.400 2.860 87.24 
COG MLE EVAR NEA atc RU TE 0.056 ‘ 
Woisture jones aaatea 1 Hes We i 
THERMIC 
oO ° 
S CaO .eeeseeeeeeee -51,210 /o The quantity and the composition of the materials 
— ae Over ieee ee eees a _ charged in the furnace in this operation : 
(<b) il 2 ate Te ee rer Sue ey 8) "aye 8) wae . 
2 SUN ALO, Olie Lest erine 0.500 <* 
ey 6 
O OF OS Gis CONS KOs Wy SETS NO) 18 50 1016 43.430 37.737 kes. of Ke,0O, at Pak ee ) 
0.25 ess Orv ak Owe nae | 
; 1 SSS ON POR SSI) ere Shine ees + with ore 
0.208% “ot. CaOv ils © \x, ome: Data a 
GSS MOR fs Gs ies Wan IT: 90.420 % 9.698 “ of H,O..... .. . 6, J 
a Tit ABIL Won eee aaen ear 3.880 *¢ 
OS NEOISLUTE iy. nes oie ek 5.700 ‘| 
2pO fie Wot CaO se ake caeene 
URES ot Wal Fore nitinol os 0G ecek (DI ake a. Fae? 
7 0.085 «of A1,O,, FesO,.., pov iilime 
(yf | ¢ 6 
SARS PRON Aurea BODO ieee ine rs eee J 
@ | Hydrocarbons 7.24: 40.500 ‘* 
Sn ete RS Na 0.27005 
) SOOM ES OD Onis nan. ite caked abe 
D257 a Mi gOl ANS Ihc 2 te hrniois tee } with carbon 
COs Hrd Cereus es: De @ Da Matin coe Catia 
ae Reread sina ytenventes 99.690 % 
O eaaAMIVE day en 3 caetti We saci ne 0-109 ** . 
CAMSIKOL BENE clee . eit Antae 0.028 ‘| 2.882..°° of C........ 0... ee. 
ECO see ie) aman 0.046 ‘| 1.972 H of Hydrocarbons... + with tar 
ae Pe ey hoa an ee 0.013 ‘| 0.013 OF Ash set eae ene 
RIB Nes ore lctohccraes acc epee 0.113 ‘ 
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CHEMICAL AND THERMIC SCHEDULE. 


Product obtained 22.000 kgs of soft iron. 


PROGRESS OF THE OPERATION. 


At 15.15’ the charging began and the current was turned on....... 100 volts 1000 ampéres 
mic suathe charcine was Tnished:.:. 0660 hs boll etc kde s bawes LOOR US LOOOr IE Ass 
SRE AIC AVOCA PINCILERG Sc) Cara seein sere ou (GN y pec aweaess WEAN a ei LOOT Se LOO ne 


The total then of the energy furnished was 100 x 1000 x 82 = 8,200,000 volt-ampére- 


minutes, which with cos. Y = 0.8 is equivalent 


8,200,000 x 0.8 _ 109.333. Watt-h 109,333 
o 60 = ‘ att-hours = 735 =148:7 H.P: hours. 
SCHEDULE. 
To reduce the Fe contained in the final product there are required 
21,931.8 
om De Alea Solas het eelin 8 iui Aiea aie aie al eee ets 37,672,250 calories 
To reduce the Mn contained in the final product there are required 
23.980 
BB SORES eR erg ilaate tee Seer ahs ete yal eiats."ole sigie, otanueaces 41.246 <«§ 
To reduce the Si contained in the final product there are required 
6.160 
93 * RUA ae cn) sii obu Lara are ne Sue ence ap Mano ce) 50.424 < 
To melt the metal there are required 22.000 x 350................5- 7400, 00075 0 8 
Mounelt tne siae there are required)5,037);x G00... ode sae sence nes 3,022.200 ‘5 
To evaporate the H,O and bring it to vapor at 100° there are required 
MES SUAS (Ene ai leis al'a So. ale via ose sya bnete HA ie es ote hiakecay, 680.316 ‘ 
To raise to 500° the vapor of 100° there are required 1.068 x 400 x 0.48 205.056 = §* 
To calcine the lime there are required 5.071 x 475............0000. 21S LG S 
2.202 
To heat to 500° the CO, there are required 9 94] * DOO xa OLO1O Sek ea. 400.000 ‘S 


To heat to 500° the hydrocarbons there are required 1.972 x 500 x 0.27 266.220 = ‘5 
To heat to 500° the CO produced by the reduction of the Fe, Mn and 
Si there are required 


3x a + a +2 x x 500 x 0.0068 2,000.1388 = « 
FiNe Te AAA USL LNG: MR ti 54,193,025 « 

Deducting from these the calories developed during the reductions by 
: the combustion to CO of the C charged 7.059 x 2175.... 15,853.325 “* 
There rematl. sae sane be edee 38,839. 700 ne 


So the heat furnished being 148.7 x 635.3=94,469.110 calories, the thermic return 


38,839.700 x 100 


was — 94 469.110 41-11 % 
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EXAMPLE D. PROCESS OF REDUCTION OF THE{ORE: 
(LrOnvOre.. soniye an aceeeeceere 1000 
8 AL me wee Festa eat ab ae ee 
A charge of 56.200 kgs. of mixture composed of....... i Cathe ce err ae 160 
Tarree a5. otod tae eee 120 
Coeffici- 
QUALITY AND QUANTITY OF THE MATERIALS. chs 
ents of 
utilization 
on ‘ i and of el- 
Lee la Sub: arged Obtained eee ie 
stances gr. er. ) uh 
: OVD A A Ray Ne as 93.020 7 Fe 96,045.600 24,736.016 94.91 
i Min Oem Sy pets 0.619 “| Mn 192.115 20.584 89.29 
SiO eee Lee 3.790 ‘* Si 708.680 trace 99.60 
a GarOs MerOr eae 0.500 ‘ S 23 200 16.120 30.52 
= SS MUPe Erman a GU Nyherk eb 4! 0.058 12 22.400 0.397 98.23 
6 | Ranieed Woke Geer ete a Sytty 0.056 ‘* 
IN ORStae Fane bela P2015 
THERMIC 
v ene é The quantity and the composition of the materials 
: 51.2 
i mee MEN NAT ee /e charged in the furnace in this operation : 
cca @ PAE eR ete TN ; 
oO SiO es ee Lat bh ae 0.900 ‘ 
= SO) EGCG) niece tle 0.500 97137.208' kes jot Ne; Osrenaie- tia. ) 
5 Oe arts cities Sten 135A 30 OSSD BARS AAO Mian et eee ge | 
LSD TO WISN OSI sO) tee ae epee ‘ with ore 
O20 ve ot (Ca@: Nuh | 
O.G88* eons Eloi C ae nearer wis a 
= 8 ACen SHEE TESTE CR Me DO FELON AAO IE eae Cals) ee ee ee ) 
ee = Ash SaeT Gee Ube Seater at an 3.880 ‘if 0.155 ** of Mg OLS eeee ee | 
Oo| Moisture.......... 5. LOO TT 0,046) WS rat Sui Our Maran tees | with lime 
OFZ Sa Ol Als Os Fe, veh Sess 
i PARE MOO Me Avy ee 
= HSBC... Sahay otetene nei ais ok es 59.200 7 seer Gal PACT Co 2) an 
— @| Hydrocarbons..... OOD 0284 see OF Aly eee eaeRe with carbon 
O | BRST tee gettin sie ich OAT 0, BBA NEO wok Fle O dete ieee - 
Tis aa at ki DEQ ett Oh uae des Pn 
>| 1-944 ‘* of Hydrocarbons.... ¢ with tar 
S Says See fase ohacee 99.742 % OOlss OF cho Le ee 
ORSON 7 Waatilcus hg RI ot 0.083.‘ 
m tt Can Gene may trace q 
a BEL OSE tide akg Othe 0.065...$% 
pes Py ess oie ae ee 0.0016 *‘ 
'e) Carta) pn OU arte es 18 Cr Tee 
: , 
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CHEMICAL AND THERMIC SCHEDULE. 


Product obtained 24.800 kgs of soft iron. 


PROGRESS OF THE OPERATION. 


At 18.30’ the charging was begun and the current was turned on3 19.15’ the charging was 
completed ; 20’ the metal melted. The current was regulated in such a way that for 
the first 30 minutes it was 100 volts and 1000 amperes, after which it was for 30 min- 
utes 80 volts and 800 amperes, then for 20 minutes 70 volts and 600 amperes and at 
last for 10 minutes 100 volts and 1000 amperes. The total then of energy furnished 


was 6,760,000 volt.ampere-minutes which with cos. Y = 0.8 is equal to 


90,133 
= 90,133 watt-hours = buan 122, 7>H.P. hours. 


6,760,000 x 0.8 


60 


SCHEDULE. 
To reduce the Fe contained in the final product there are required 
24 736.016 a 
12 CN ater et cet hey ahah clclinty So ce OOS erp Fad ivan: Bim tse 
To reduce the Mn contained in the final product there are required 
20.584 
SE) OSA O dois Se ENE AO A Oa a ae ae 
a5) 


Demeducetne.sicontainedmim the final products)... 5 skeen ae ose ees 
Momnelt the metal there are required 24.800 x 350.......05.. 6.4.55. 
Wommelt.the slax there are required 4,750 x 600. ...0......025- 008; 
To evaporate the H,O and bring it to vapor at 100° there are required 

PE OME TOS Rr Re tee elie y a,c) ole Sole Oi, ook Neches a wale a 
To raise to 500° the vapor of 100° there are required 1,053 x 400 x 0.48 


To calcine tthe lime there are required 5.000 x 475.......0c0 cee cee 
2.172 
Movheat to-500° the CO, there are required 5 944 OO OLG sc. 


cc «e  «* 500° the hydrocarbons there are required 1,944 x 500 x 0.27 

cee -§© 500° the CO produced by the reduction of the Fe and Mn 
: 24,736.016 20.584 

there are required (3x —Vjo _ + 55 ) x 500 x 0.0068 


Deducting from these the calories developed during the reductions by 
the combustion into CO of the C charged 7,950 x 2175.. 


4d averder te alaelebbaleinse Me iec ors i boo Denard Gr 


35.380 


8,680.000 
2,850. 000 
670.761 
202.176 
2,375.00 


394.880 
262.440 
2,254,012 


60,173.364 


17,291.250 


42,882,114 


5 calories 


66 


ims 


So the heat furnished being 122.7 x 635.3 = 77,951,31 calories, the thermic return 


42,882,114 x 100 
mae 77,951.31 


= 55.02% 
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EXAMPLE E. PROCESS OF REDUCTION OF THE ORE 


: (ilrenyOreco jac 1000 
A charge of 70.250 kgs.of mixture composed of....... + es Oy eat aka Oe ie 
ADA Wit love oie Gea rsa et eae 1b Ku 
Coeffici- 
QUALITY AND QUANTITY OF THE MATERIALS, 
os ents of 
utilization 
Gi | on te and of el- 
re eae Slee rahe taine imination. 
stances gr. er. y, 
Fel On cus tea 793,020 198) ne 32,557.280 30,727.312 94.38 
2 MaOp Menai cere 0.619 “| Mn 329.745 28.336 88.19 
ON RESTOR ecu oe atin 2.790 4 Si 910.448 trace 99.60 
Y CaO NT oOMit cng O50 25 29.000 15.172 47.86 
bas SCE N20 ge arate 0.058 ‘ P 28.000 2.772 90.10 
oO Poe acest ial Loans 0.056 ‘ 
Moisture; oy... -0 17200 
THERMIC 
co) Nn The quantity and the composition of the materials 
f . oars f a NOR ia ate ie charged in the furnace in this operation : 
v SIO ae Uiiss pe eu te 0.900 i 
ora ALO Hes). Gu 0:500 29. -AG2 010 Kes ot ule, O ene acu ous | 
7 CON ota tara nuhene AZ ASO Ss PA SOO eine AOLM NDC y waneues er ay 
) | 1805 Sts Kot Oe eane pate) \ with ore 
OC ZoUES MOF Oa NNESTO) aioe: | 
DESO Cor OTs Ele eOnntoeae a kara ) % 
RSE heer aan ely reas aise 90.420 %| 3.263 “ of CaO.. ........ ] 
Go cA ata LAG VA Maio 3,880) 6x 2010S 7 ot Mg Onis ae aan | 
Ot aMoistures. uses 5700259 A O06 We OF 1s wae teehee + with lime 
a O:081 "of Al,Os; Fes Oh nat 
i Pee ai aaies 0} dat, © OLA ee Bi) heh IP ) 
0 Tee UNS COT Cte ai ramen erie 
0 OS Sa ee Nall te Maca 59.200 % _ : 
28 Hydrocarbons .... 40.500 *§ Oe i 2 ae ty Gace CuO GO with carbon 
O Da Rs) oie Bek Ree ie eo tO 2 Oh rae eh Rasa 
LODZ in] Gab OLS Oy wae Atay eo teat 
2.480 ‘© of Hydrocarbons... } with tar 
es OAOLG Pose L ASIN! ere arcsec 
2 | Sire Werantaeofet preg 99.764 % 
SE EN TR ATS Saat 0.092 « 
m 1 PPS SN tas [a PEK trace ‘ 
FoR SAO Secs ich ath OODORe 
Rand Ge ie tie eee 0.009" p 
O OAS) BSED Sole ie 0.090 * 
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CHEMICAL AND THERMIC SCHEDULE. 


Preduct obtained 30.800 kgs. of soft iron. 


PROGRESS OF THE OPERATION. 


At 20.15’ the charging began and the current was turned on; at 21.15’ the charge was 
completed; at 22.15’ the metal was melted. The current was regulated in sucha 
way that in 20 minutes the current passing was 800 amperes at 80 volts, the next 20 
100 volts and 1,000 amperes, then for 30’ it dropped to 70 volts and 600 amperes, 
afterwards for another 30/ it was reduced to 50 volts and 500 amperes, finally for the 
last 20’ it rose to 100 volts and 1,000 amperes. In all the energy furnished was 
7,290,000 volt-ampere-minutes, which with cos. P=0.8 equals 


7,290,000 x 08 97.200 
BOs a) 7395 


=97,200 Watt hours= = 132 24.H.P. hours. 


SCHEDULE. 


To reduce the Fe contained in the final product there are required 


30,727.312 4 
lon Tons WON iach cuaicie aeeroh ne as arvye wish Sl af rise aperey sete 52,730.262 calories 
To reduce the Mn contained inthe final product there are required 
28,336 
TR XIE Dei ve eee ee eet eee tee eee ee eee 48.7190 SE 
To reduce the Si contained in the final product ................-.-.. —_ 
To melt the slag there are required 30.800 x 350 ..... 2... 11. ee eee 10,780.000  ‘$ 
To evaporate the H,O and bring it to vapor at 100° there are required 
eG. Cy a ate oO Se A ee re are eC a er a S38: 2020s 
To raise to 500° the vapor of 100° there are required 1,316 x 400 x 0.48 202.0 (awit 
To calcine the lime there are required 6.250 x 475 ........-- 5s eee, 2,968.750 *S 
2.714 
To heat to 500° the CO, there are required 0.044 * 500 x 0.016 ....... 493.454 ‘$ 
«© 6 © 500° the hydrocarbons there are required 2.430 x 500 x 0.27 328.050 = ‘** 
«© «6 66 500° the CO produced by the reduction of the Fe and Mn 
there are required 
30,727.312 28.336 5 
eee ES wrares SOOGS eerie hs ir uestar ets 2,800.131 ‘° 
(3 x li2 eR REE NS 500 x 0.0068 
FINE Me coer tee ie TO ms coe ama ah easly Haile Zon qo wos 70;020.3502 Wis 


Deducting from these the calories developed during the reductions by 
the combustion into CO of the C charged 9.883 x 2,175... 


Pere TES MALE: ei are vrai eh ee aime rege ee ree 


21,495.525 


53,524,805 


So the heat furnished being 132.24 x 635.3 =84,012.072 calories, the thermic return 


53,524.805 x 100 
84,012.072 


Ghia 


was 
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From a comparative examination of the numerical data of the pre- 
ceding tables A, B, C, D and E, which are summed up in schedule F, it 
clearly appears :— 


ist.—That operating upon the same mixture, one is sure of constant- 
ly obtaining the same type of product, a thing which is easily understood 
when it is considered that the operations take place in a closed chamber, 
and that in no other furnace is it possible to have always the same condi- 
tions, a thing which is obtained in the electric furnace in which it is pos- 
sible to value exactly the quantity of heat developed by measuring the 
current which is transmitted to it, and regulating it so that it is always 
maintained within the desired limits. 


2nd.—That the shrinkage of the metal contained in the ore is restrict- 
ed with this process to the narrowest limits, and is notably inferior to that 
which takes place in the blast furnace. 


3rd.—That with a single operation it is possible to obtain products 
of great purity, eliminating thus (besides the expense of labor or fuel in- 
separable from the operation of refining pig) the loss through shrinkage 
which takes place during this operation, a loss which varies from 8% to 
10%, and rises sometimes as high as 20%. 


4th.—That through the special method in which the reactions take 
place with this process, it is possible to obtain iron very soft, containing 
very small quantities of manganese, a thing which is of capital importance 
for some special applications, as, for example, the making of the frames 
of dynamos out of soft iron.* 


5th.—Finally, that it was possible to reduce somewhat the intensity 
of the current communicated to the furnace during the period of diges- 
tion of the bath in the last experiments (see schedules D and E), bringing 
down to only 4.22 horse-powers per kg. of product the consumption of 
energy, which, in the first experiment, had varied from 6 to 7 horse- 
powers. 


From this, therefore, it follows logically that with furnaces having 
several pairs of electrodes, and in particular with those of the rotating 
type, in which, for the reasons above set forth at length, it is possible and 
easy to conduct operations with a maximum economy of heat, there will 
undoubtedly be obtained the high thermic return of 807, and even 85%, 


*Note.—I do not think it useless to quote in this regard comparative data obtained by 
the distinguished Doctor Giorgio Finzi, in a series of experiments made by him to deter- 
mine the hysteresis loss of iron of different countries, data which completely confirm such 
a conclusion, The following are the numerical coefficients found by him: 


Corman metallic plates of 0.4 mm Type ; 7 3 ee 
= cs ot ae GAOETiS When eae rant. 0.00200 
“6 “6 cs ts PAD ES ARE $ aL Lhe wih), ted OOO STS. 
Swedish iron (Prof. Goldschmidt)... -..--++-+-+> ty 0.00142 
Italian “s- (Capt. QEassa iO) s taste Ueto ge eee ese 0.00135 


See the magazine ‘‘ Electricity” for 1901, number 23. 


211 


which, in fact, in numerous experiments, was shown to have been obtained, 
in furnaces with a single pair of electrodes, in the case of reductive fusion, 
and simple fusion (whether of pig, iron or steel). 


Now, as far as I have been permitted, by the narrow limits assigned 
to this short monograph, I have given an idea of the expense of produc- 
tion, as well as of reducing iron ore by means of this process. 


And while from this exposition there can clearly be seen the econom- 
ical advantage which such a process promises wherever (as in our coun- 
try) the lack of suitable coal renders the great iron-smelting industry im- 
possible, I shall add to this calculation that of the expense of obtaining the 
said products with ordinary processes in countries where combustible min- 
erals abound. 


Although the electro-thermic process which I am supporting may 
resemble, in the way in which it proceeds, and in the similarity of the fur- 
nace which it employs, the Martin-Siemens, yet I call attention to the fact 
that in respect of the cost of production of a unit of weight of final malle- 
able product with the ordinary metallurgic process, the refining of the pig 
is effected with the Bessemer system, using the molten metal just drawn 
from the blast furnace, and on the hypothesis that the necessary motor 
force to operate the converters is produced with the gas from the blast 
furnace. 


I select therefore as a model that one of the ordinary processes of 
making malleable vron which wnvolves the manamum consumption of fuel 


Now, Ledebur, as well as Helson, Gruner, Bell, Knab, &c., are 
agreed in establishing that, on the average, with coke at the price at which 
it can be obtained in England, Belgium, Germany, or North America, 
consequently in localities, rich in coal, the cost of production of a ton of 
pig, exclusive of the value of ore, varies from 29.00 lire to 48.00 lire, 
that is :— 


NER Gh Gath nos pL Pony a AA Ne ARIE aM OO from 16.00 lire to 28.00 lire 

Te TTS ANE eR tains Batali aee, . 3.00 ‘ iO Ome: 

For cost of labor and general expenses “ 10.00.“ 15.00 “ 
COGa iS sete uae uate ae ieee from 29.00 lire to 48.00 lire 


Taking, however, a value somewhat lower than the average of this 
figure, I fix at 35 lire such expense. Moreover, I suppose that for the 
production of the pig there is employed a very rich ore, such as that of 
the Island of Elba—which I have taken as a base for the theoretical cal- 
culations above set forth, and which I have used in experiments with elec- 
tric furnaces, of which I have given the chemical and thermal detailed 
accounts—ore which costs in the neighborhood of 15 lire a ton at the blast 
furnace. Allowing, however, that the shrinkage of the metal of the ore 
in the blast furnace is restricted to 10% for each ton of pig, there is need- 
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ed about 1,700 kgs. of ore; the cost, therefore, of the pig, will amount to 
60.50 lire a ton, that is :— 


lire. 
For ore, 1,700 kgs., at 15 lire per 1,000 kgs..:...... 25.50 
mn Piencost rou labor, oC). sic ale ale nteveie sass a Be ee ale 35.00 
DEON 8 Ag Re NGA ein ash aaNnee gR  e ar ot aaa AN 60.50 


According to these authorities, the net expense for the refining of a 
ton of product in ingots; with the Bessemer process, exclusive of the fuel 
for re-melting the pig, and without calculating the cost of the pig, or the 
shrinkage to which it is subjected during the operation, which, on the aver- 
age, can be valued at 15%, is 26.50 lire, that is :— 


lire. 

For ferro-manganese, at 200 lire per ton.......... 12.00 
Horrcost, of labors; ..).,... MEST nie Ws We ea i aMicens pa N SHEE 5.00 
eC Um RG TCACVON VM TOALCIIG! (2) 0) 4.0). 5) 2/ei. 0a a vi alele oo Saha ghee ian aC 
For maintaining and repairing the works............ 2.50 
For maintaining the moulds and diverse accessories. . 3.00 
For expense of overseeing and general expense........ 2.50 

Mea MMe cK ey ets SAN A Ao. 12 is aR aor gigas 26.50 


Therefore, on examination, a ton of malleable product in ingots 3s 
seen to cost 96 lire, divided in this way: 


lire. 
For pig 1,150 kgs. at 60.50 lire per 1,000 kgs....... 69.57 
Pre xapoTSer OP MMOH > 16, 0) oa ake raregt die, d in 2 Wiel miele wide 26.50 
Re eta a2. k oho) hes Ss IES A.W) ot ont ere oee Wheels 96.07 


in round numbers, 96 lire. 


It appears from this calculation, that in countries rich in coal, the 
cost of a ton of malleable product in ingots, even operating with the most 
economical and perfect methods, does not fall below 96 lire. 

Let us examine now the cost of production in case the reduction of 
ore were effected with the electro-thermic process devised by me. I sup- 
pose in this calculation :— 


1st.—That the ore employed is similar to that from the Island of 
Elba, adopted in the experiments of which I have above given the results. 


9nd.—That for the preparation of the mixture there is employed 
metallurgic coke, at the price of 45 lire a ton. 
3rd.—-That the works in which is effected the reduction of the ore be 


provided with the necessary apparatus to collect and to utilize for the suc- 
cessive processes the CO which is generated in the furnace during the 


operation. 
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4th.—That the electrodes necessary to the operation of the furnace 
are produced in the works themselves, at the price of 0.30 lire per kg., in 
place of 0.45lire, which is at present their commercial value. 


5th.—That the works be provided with an hydraulic electric plant of 
not less than 5,000 effective electric horse-power, and that accordingly it 
may have a capacity of 30 tons of iron in 24 hours. 


6th.—That each rotating furnace installed requires 1,000 effective 
electric horse-powers, and produces accordingly 6 tons of ingots a day. 


Tth.—That the hydraulic electric plant costs in the neighbourhood 
of 300 lire for each electric horse-power installed. : 


Taking, then, for granted, and using for the present the actual data 
derived from the numerous experiments performed, whether with the fur- 
nace or in the preparation of the mixture, it can be established that the 
cost of one ton of iron in ingots under the new process is about 94.40 lire, 
that is :— 


lire 
Hora O00; Nos Or ore. 26 Seu 8: at 15 lire pe 1,000 kgs. 24.00 
ae une pulve erizing of the same at 3 “ 4.80 
fe 200 Kescot ine Nace hy ae ate 5 0 1.00 
250 Kos. OIA COCR Ne Ae at 45 et fs thQ5 
thie pulverizing Ole basse oe ab, 2 of 0.50 
ONL OU Kigeal, Galann tata ue Neien TAG) 4 13530 

be making of the conglomerate mass at 3 lire per 
TQOORM a6, cofet nem X UE Gs nian tliat eae ee 6.75 

“ the consumption of the electrodes hee Kes. at 
O30 Hirer perme a satin. cio tes. fae ks. eee 3.60 
Phe mMalntaninc Or wheshOrmMacey si... yee ule ee 12.00 
St MCOSU OLN OOD aa cake Eke aie ie ee ee eC 6.00 
“maintenance of moulds and different apparatuses. . . 3.00 
“motor force 4,000 H. P. hours at 0.0057 lire per hour 22.80 
‘“* oeneral expenses and Oversee i we ae Wine ral te elem 3.00 
SECs epr ou Rarmcemie re Ms ae 6 112.00 

Deducting from this the value of the oxide of carbon and 

of the volatile hydro-carbon of the tar returned ; 

that is about 900 cubic meters of combustible gas 
which at only 2 cts. per cubic meters makest.... 18.00 
Remaining as the actual expense ............++--- 94.00 


* It is worth while noting that in the experiments made, there was always a 
shrinkage of ore less than that which was found in the. blast furnace. 


+ From what has been said before, the value of the gas that can be utilized should be 
24.55 lire, viz.—the sum of the cost of the carbon and of the tar used in making the mixture, 
because such materials during the work of the furnace are simply transformed from solid 
combustibles into gaseous ones. Fixing, therefore, the value at only 18 lire is more than is 
warranted. 


oe eee eee 
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The eloquence of this figure, the result of conscientious analyses bas- 
ed upon actual data resulting from long and minute experiments, relieves 
me from making further comment. I shall allow myself only to observe 
that, even in case, through exceptional circumstances not often met with, 
the motor force should cost more than 300 lire per electric horse-power, 
the advantages of the process would not be greatly diminished. Indeed. 
even placing the cost of installing per horse-power at 500 lire, a greatly 
exaggerated figure when dealing with great hydraulic electric plants, the 
cost of production of a ton of iron would not be increased by more than 
11.48 lire, an increase largely compensated for by the expense of trans- 
port, which raises the price of the metal produced in a foreign country at 
only 96 lire a ton before it reaches Italy. 


4h 
RA 
ee 


+ 


© 


ELE CTRO-THERMIC 
PROCESS FOR THE REDUCTION OF IRON ORE 


Primitive electric furnace adopted in experiments at Rome 


Fig. la 


. 


Plate I. 


Plate IL 


ELECTRO-THERMIC PROCESS FOR THE REDUCTION OF IRON ORE 


Modified 500 FP electric furnace constructed at Darfo 


ELECTRO-THERMIC PROCESS FOR THE REDUCTION OF TRON ORE 


Electric furnace with one hearth and 3 pairs of electrodes 
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Plate IV. 


ELECTRO-THERMIC PROCESS FOR THE REDUCTION OF IRON ORE 


Rotating electric furnace 


Section AB Section CD 
Fig. Na 


Fig. 12a 
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_ LECTURE ON THE TREATMENT OF COPPER 
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LECTURE ON THE TREATMENT OF COPPER 
ORES BY THE ELECTRIC FURNACE.* 
(Keller Process) 


Compagnie Electrothermique Keller et Leleux. 


BY M. VATTIER. 

It is now some two years since I had the pleasure, in this very hall 
of reading a paper on the very remarkable results obtained from experi- 
ments on the treatment of iron ores in electric furnaces. I gave a de- 
scription of the electro-metallurgical works which I had had the oppor- 
tunity of visiting, both in Europe and the United States; and at the time 
I expressed the hope that these new processes, owing to the development 
of the energy of the “ White Coal,” would soon prove economical and prac- 
tical, and would then leave the realm of the laboratory and of experimen- 
tal plants to boldly enter the industrial arena. | 


You are all familiar with the yet recent history of electro-metal- 
lurgy; with the scientific observations of such men as Moissant, Siemens. 
Acheson, Minet and other authorities, as a starting point. We have wit- 
nessed the strenuous labors of Stassano, Héroult, Laval, Keller,and others, 
whose names would make up a long list, and whose efforts are striving to- 
ward the advent of a new electric metallurgy which bids fair to become 
the metallurgy of the future. 


Twice in three years I have been entrusted by the Chilian govern- 
ment with the study of the latest developments of electro-metallurgical 
processes in Europe and the United States. In August last, I brought over 
from Chili some 200 tons of copper and manganese ores for the purpose 
of making experiments on a commercial scale, on the smelting of these ores 
in the electric furnace. The main object of this paper is to give you the re- 
sults of these experiments. I shall be as brief as possible, owing to the 
necessity of yielding my place to several eminent lecturers. 


After a few preliminary experiments, I was authorized to continue 
my investigations on this subject, in the works of Messrs. Keller et Leleux, 
at Kerousse, in Brittany, under the direction of Mr. Keller. After dis- 
cussing the subject with him, we agreed upon the method of procedure, 
the form of the furnace and accessory apparatus to be adopted ; these 
were subsequently put in operation in the Keller and Leleux electro- 


* From the French. 
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metallurgical works at Livet, near Grenoble, where they have given entire 
satisfaction. 


A first series of experiments, conducted on a sample of commercial 
size, and in furnaces such as will be adopted in future in electro-metal- 
lurgical works, had conclusively proved that the problem had been solved 
as regards copper ores. 


On April 21st last, we made a new series of experiments at Livet, 
on Chilean copper ores, before a Commission composed of the following 
members :— 


Messrs. Stead, Metallurgical Engineer, Middlesbrough; Allen, Metal- 
lurgical Engineer, Sheffield; Reynolds, Metallurgical Engineer, London; 
Pirie, Member of the British House of Commons for Aberdeen; Saladin, 
Chief Engineer of the Creusot Works; de la Bouglise, Mining Engineer, 
Paris; Renevey, Civil Engineer, Paris; Bougere, Banker, Angers; and 
Vattier, Engineer, graduate of the Ecole Centrale. 


A report of these experiments, endorsed and signed by the members 
of the Commission, accompanies this paper. Mr. Keller had charge of the 
electrical part of the experiments, and the writer was directing the metal- 
lurgical part.* 


* These experiments were conducted in the works of the Compagnie Electro-thermique 
Keller et Leleux at Livet, on April 21st, 1903, in presence of: 

Messrs. Stead, Metallurgical Engineer, Middlesbrough. 

Allen, ieee! do Sheffield. 

Reynold, do do London. 

Pirie, Member of the British House of Commons for Aberdeen. 

Saladin, Chief Engineer of the Creusot Works. 

Vattier, Delegate Engineer in charge of investigations for the Chilean Govt. 
de la Bouglise, Mining Engineer, Paris. 

Renevey, Civil Engineer, Paris. 

Bougére, Banker at Angers. 

The experiments were in charge of Mr. Keller, Civil Engineer, technical manager of 
the Compagnie Electro-thermique Keller, Leleux et Cie. 

The smelting was conducted in the double electric furnace, Keller model. 

Ores :—Mixture of ores from the ‘‘ Volean,” ‘‘ Magnere” and ‘‘ Charlin ” mines in the 
proportions indicated by Mr. Vattier. The experiment was made on 8000 kgs., which*were 
smelted in 8 hours. 

PowER.—This was: 

Amperes Volts cos. Y 
AT DO Sex) JAS Fee E09 ee B00 alow atts: 

WorKING oF APPARATUS:—Perfectly normal. 

CoNSUMPTION OF ELECTRODES:—The electrodes used were of inferior quality ; yet the 
wear in length only amounted to 6 or 7 kgs. per ton of ore. According to a statement made 
by Mr. Keller, in a previous experiment with carbons of a somewhat higher grade, the con- 
sumption was 5 kgs. per ton of ore as maximum. By using graphite electrodes this would 
still be further reduced. 

Propucts OBTAINED.—The matte and the slag were tapped separately, tests were 
made, the analyses giving: 


Math’, cit: % cd mics ciee te rectecters Cu. 43% 
SAS oi abstention eae Cu, 017 
(Signed) 


C. Vattier, A. Allen, E. Stead, A. Reynolds, Renevey, 
D. V. Pirie, de la Bouglise, G. Bougére, A. Keller. 
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Before proceeding, I wish to state clearly the object we had in view. 


We are not dealing here with a philosopher’s stone which would, as 
by magic, transform any copper ore into a mass of pure metallic copper, 
or which would overthrow and supersede the well-known reactions of the 
old metallurgy of copper. Nor do we pretend to have discovered a process 
which suppresses all the cost of production, and permits of reaping imagin- 
ary millions from any kind of ore under any conditions. We abandon the 
monopoly of these pretentions to the fancy prospectuses which circulate 
in certain financial centres, and which cause such disappointment to the 


-credulous investors, and we approach the subject in a more scientific and 


industrial spirit, and especially with the intention of facilitating, within 
the limits of our powers, the labour of the indefatigable workers who 
strive to further improve these processes, and whose efforts deserve praise 
and reward. 


You all know that, generally speaking, in the metallurgy of copper 
by dry processes, either in reverbatory or water-jacketed furnaces, the cop- 
per ores are first of all converted by the help of coke or coal into copper 
matte containing 40% to 50% of the metal; these mattes are then sub- 
mitted to a roasting, followed by a remelting, either by special treatment 
in converters or in Thofern and Saint-Seine reaction furnaces, which 
transforms them into copper bars; these are then refined by electrolytic 
processes, which produce the pure copper and effect the separation of the 
gold and silver. 


At present our object is solely to suppress the consumption of fuel 
(coke, coal or charcoal) used to smelt the ore for the production of the 
matte, and to replace these calories of the black coal by electric heat de- 
rived from the “ white coal,” that is from hydraulic forces. ‘Then, we 
proceed to the refining of this matte by the processes now in use in metal- 
lurgy (converters, furnaces, &c.), and all we ask from electricity is to lend 
us its aid to produce the heat, whenever it can be done with advantage, by 
the introduction of the electrodes. 


In a word, the endeavour is to develop a process which could be es- 
tablished in regions favorably situated as regards water powers, and where 
coal is costly; it is the difference between the cost of the black coal and 
the “ white coal,” which shall constitute the main profit derived from the 
adoption of these new processes. It is bearing these conditions in mind 
that we made the series of experiments of which I shall now give you a 
brief account. 

Ore. 


Our experiments were conducted on two different kinds of ore. 


1st.—Copper ore from the “ Volcan” mine, Chili, belonging to Mr. 
Gregorio Denoso. The copper contents was approximately 77, present 
as copper pyrites. This ore contains from 8% to 9% of sulphur, and the 


ZS 


gangue comprises silicates, silica, a little carbonate of lime, but mainly 
micaceous copper oxide. 


2nd.—Low grade copper ore from the mining regions in the vicinity 
of Santiago, Chili, mixed with a small proportion of manganese and lime. 


The composition of the charge of the furnace was as follows: 


i 


(CCA PDOUICVAC IC es oe To Re ee en lag hee 4.310 
SOLA eee tae sien 1 Sea rele p ee eee ety en 23.700 
ATLA Tao eee ea waibicd Seng Fa eye ae 4, 

i Briel: yaeeerrere cones ean pe ecm SCR J Aa ae tn LP BOO 
Maciesian So) tGsi a, Oak awe eee eee eet: Eee 0.33 
SUL PINUTE io tebe a Oe pe ei a 4.125 
Life) igre mete a errr ame Med Sl en SEC a 28.500 
Manan ese? aii iste cantante ts hae be Ce eee 7.640 
PHOSpROLUss aed eee ane eee eee 0.046 
Cropper rere eer NiCd tetas atta Iara ne tne 5.100 
PSEC Eco ee PN ACR IN SN tanner ea ia ee er trace 


These ores were crushed partly into large pieces and partly to dust. 
The crucible was filled with a hand shovel, indiscriminately, of the coarse 
or dust, and without experiencing the inconveniences which usually ac- 
company the presence of “ fines” in the water-jacketed furnaces. All 
the charges were very carefully weighed and sampled, and an exact re- 
cord of the various phases of the experiments was kept. Rather large 
blocks, at first refractory, were soon dissolved and incorporated in the 
molten charge, after undergoing a pronounced gyratory movement. 


Furnaces. 


The main furnace, for the first fusion or breaking up of the mole- 
cules by the application of heat, is a chamber or erucible built of refrac- 
tory bricks, and having the following dimensions: Length, 1.800m. ; width. 
0.90m.; height, 0.90m. Below this chamber we have a forehearth, in which 
can be effected the sharp separation of the matte from the slag; the 
dimensions of this fore-hearth are as follows: Length, 1.20m.; width, 
0.60m.; height, 0.60m. 


At the bottom of the upper chamber there are some openings which 
can be tamped at will by means of fire-clay, for the purpose of tapping the 
contents into the lower fore-hearth. In the upper chamber two carbon 


electrodes, with a square section of 0.30m. on the side, and a length of 


1.70m., are introduced, and their height may be so regulated as to either 
be immersed in the bath or just clear its surface. 


Into the fore-hearth penetrate two carbon electrodes of 0.25m. on the 
side, which are used to reheat the bath. Openings are left at different 


Pres ae) aan 
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levels of the fore-hearth, and which are opened by means of steel rods 
driven in by blows of a hammer, for the purpose of tapping either the slag 
into small sand trenches, or the matte into steel ingot-moulds, which are 
handled by an overhead crane. Voltmeters and ammeters permit of ob- 
serving the intensity of the current. Alternating current was used. A 
special contrivance allows of easily and independently raising and lower- 
ing each of the electrodes. 


Procedure of Operations. 


Lhe two large electrodes are lowered into the upper chamber, and 
the circuit is established by the introduction of pieces of carbon and of 
matte placed at the bottom of the crucible, and the temperature is gradual- 
ly raised. The ore is elevated by a hoist to an upper platform, and is 
charged into the furnace around the electrodes, which are raised in pro- 
portion as the burden increases. Fusion begins to take place in a very 
short time, and when the crucible is full of molten or semi-molten material, 
a tap-hole, situated some 0.10m. from the bottom, is unplugged by means 
of a steel rod. The molten mass, more or less pasty (quite fluid after 
short time), flows into the fore-hearth, where the reactions are completed, 
and where the separation of the liquified materials is effected by means 
of the reheating electrodes. 


When this fore-hearth is nearly full, the slag is evacuated through 
one of the upper openings, and as soon as the quantity of underlying matte 
is judged to be sufficient, it is tapped off by one of the lower openings. It 
is thus a process of successive tappings, both from the upper and the lower 
crucibles. 


Data of the Method. 


The furnace has a smelting capacity of 25 tons of ore per 24 hours, 
which it converts into matte. The current used for the experiments was 
of 4,750 amperes; 119 volts; cos ¢ = 0.9, which corresponds to 500 kilo- 
watts, or 680 H.P. Therefore, to treat 100 tons of ore per 24 hours will 
require from the dynamos 2,833 H.P., in round numbers, 3,000 H.P. of 
76 kg/m. 


Products Obtained. 


Mattes of the following composition were obtained: 


7o 
Die ee ee ee ee cork oe aaas i Sn See 0.800 
MIS ICREAOOG se ee e Ue aeinoee eeoe  e 0.500 
TRAGER Sy Batter ee 24.300 
ere NCCT Aine Beton ees nper trys hea ke 1.400 
COP EUUTTPIS Laka ae ree ee 22.960 
Pe UG pnerist 2. 2) mee Sa ee ys 0.005 
ORO eee ce sy eee ys ke tt ss 47.900 
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And slag of the following composition : 


7o 
Silica: (SIGNS co eter eam ratte eee enecs 27.200 
WaWhNEiibh sy: Boknian emeneny au C Oa Nanna a ier roa fess ayes 5.200 - 
Asim 6 ae. eG ee ee Be nna sey recess 9.900 
Milom eet a, 503 ec ication ah One ae ee eee ee 0.390 
Ue Wapietoar ara ean Meal om Rie mh Far Us i A 32.500 
Maneanese™s os hte scm teenies ke meee 8.230 
Sit bp lair tye eae aes Ceti eee (tema 0.570 
Phosphoris 078) ees. See oe ent ee ane e ieeee 0.062 
Copper an ets ee PaO se. i's “ates ee 0.100 


The slags at both the beginning and the end of the operation usually 
contain a slightly higher proportion of copper. : 


The slag has high contents of iron and silica, and could be used to 
manufacture ferro-silicon; for this purpose it should be poured directly 
into a special crucible, submitted to the high temperature of the electric 
furnace as soon as possible, in order to take advantage of the heat it pos- 
sesses when it is tapped out of the crucible. 


If the slag should be high in manganese, it could be manufactured 
into ferro-manganese and spiegels. 


Remarks. 


For good results it is advisable to use a voltage sufficient to cause the 
are or electric current to pass from one electrode to the other, by regulai- 
ing their height to just clear the surface of the bath, in order to avoid as 
much as possible their coming in contact with the bath. Carbon, at such 


high temperatures, has a tendency to reduce the iron oxide into metallic: 


iron, which gives rise to the following inconveniences: 
1st.—A more rapid wear of the electrodes. 
2nd.—Loss of electric energy. 
3rd.—Decrease of the copper contents of the matte. 


By the use of Acheson’s graphite electrodes, these inconveniences 
would be greatly diminished. 


The economic and other advantages of this new electro-metallurgical 
process are at present quite evident, without having to defer judgment un- 
til further improvements are introduced; the problem may be said to have 
been solved by the Livet experiments. 


a 
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Comparison between the old Processes of Copper Metallurgy and 
those of Electro-Metallurgy. 


Let us consider the case of a copper mine situated in South America, 
in Chil, for instance, and at some distance from the coast, in the foothills 
of the Cordillera; such a mine is the “ Volcan,” the ore from which was 
submitted to the experiments of electric smelting; under these conditions 
coke costs at least 100 frs., and owing to the slope and other local condi- 
tions, a powerful and constant hydraulic power can be developed economic- 
ally. We shall take for purposes of comparison the figures relating to one 
ton of copper ingots, extracted from the “ Volcan ” ore, which has a copper ~ 
content of 7% ; this is a comparatively high tenor, higher than the aver- 
age of mines worked on a large scale. 


For the production of a ton of copper we shall have to treat some 16 
tons of ore; we shall neglect the figures, which would be the same for both 
cases as regards mining of the ore and subsequent treatments, and we shall 
restrict ourselves to the comparative elements of the two methods. 


1st.—In the present water-jacketed furnace, the production of ihe 
matte, containing one ton of metallic copper, shall require 3,200 kgs. of 
coke, at 100 frs. per ton, that is to say, an expenditure for fuel of 320 frs. 


9nd.—In electric furnaces the smelting of 16 tons of ore will require 
an energy of 1.25 kilowatt-year, at the cost, in the region in question, of 
30 frs. per kilowatt-year, representing a cost of 1.25 x 30 = 387.50. 
frs., say 38 frs. , 


The wear of electrodes, as shown by our experiments, amounted to 
75 kgs. per ton of copper in matte, so that we may calculate an actual cost 
of 45 frs. for this item; this would be greatly reduced by the adoption of 
electrodes such as above mentioned, and more especially of graphite elec- 
trodes. 

In short, the electro-metallurgical process for the smelting of 16 
tons of ore would entail a cost of : 


38 + 45 = 83 frs. 


and the economy effected, over the water-jacketed furnace, in the funda- 
mental element of heat energy, is, therefore: 


320 — 83 = 937 frs., or more than £9. 
The additional important advantages derived from the use of electric 
furnaces are the following :— 


1st.—Suppression of the blowing engines, which are essential in con- 
nection with water-jacketed furnaces. 


Qnd.—The possibility of operating on much more refractory ore than 
with the water-jacketed furnace. 
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3rd.—Suppression of the manufacture of briquettes or of agglomera- 
tion of the fines and dust. 


4th.—Notable decrease of cost of labour. 


5th.—Elimination of the danger of scaffolding of the charge in the 
interior of the furnace; this accident is comparatively frequent and cost- 
ly in the water-jacketed apparatus ; moreover, choking up and obstruction 
of the hearth is likewise avoided. 


Let us now consider the case of low grade ore, say 4%; the produc- 
tion of one ton of metallic copper in matte shall require: 


Ist. In water jacketed furnace, an additional expenditure of coke 
amounting to 


100 x (5,000 — 3,200)=180 frs. 
1000 
2nd.—In the electric furnace, instead of 1.25 kilowatt year, we shall 


need two, which entails an additional cost of 
30 x (2 kwt.-yr.—1.25 kwt.-yr.) = 22.50 frs. 


Which represents an additional saving of 157.50 frs., which figure is 
comparatively important for a low grade ore. 


It is, of course, impossible to arrive at a general average figure re- 
presenting the saving effected by the adoption of the electric furnace ; this 
depends on the grade of the ore, and also greatly on the local conditions ; 
yet, in the case of the ores produced from the South American mines, re- 
mote from the coast and in proximity of powerful and constant waterfalls, 
. the economy effected would certainly not be less than £10. 


Conclusions. 


It is of great interest and importance that our metallurgists should 
continue their researches in the practical applications of the electric fur- 
nace to the smelting of copper and other ores, and more particularly to 
the treatment of those argentiferous blendes which are very abundant in 
certain regions (in Bolivia, for example), and which, up to the present 
time, have proved refractory to all economical processes known. 


The same remark applies to the iron and manganese ores known to 
exist in large quantities in remote regions, and at present awaiting a prac- 
tical solution of the problem which will permit of their being economically 
treated on the spot, avoiding the costly transportation of raw materials, 
which the present price of these metals cannot bear. 


Yet, in spite of the great advantages which will certainly be derived 
from the introduction of electric processes into certain regions, such as 
parts of Chili where the industrial conditions are favorable in every re- 
spect, and more especially as regards ore deposits and waterfalls, I feel it 
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to be my duty to warn my colleagues, and investors in general, against 
sanguine expectations and exaggerations, which could not but have dis- 
astrous effects. So that, before investing any capital in electro-metallur- 
gical plants in remote regions, it would be well to ascertain beyond doubt: 


1st.—That you can rely on mines, with property titles clear and in 
good standing, which could produce (actually, and not on paper), a sufti- 
cient quantity of ore of high enough grade to justify the installation of 
electro-metallurgical plants, which are very costly, owing to the need of 
developing hydraulic power. 


2nd.—That either in the neighbourhood of these mines or within a 
distance permitting the economical transmission of electric energy, there 
are available powerful, and more particularly constant, water powers 
which could be acquired without fear of subsequent litigation. 


3rd.—That sufficient labour and other industrial conditions for the 
exploitation of the mines are available in the regions under consideration. 


_ A long experience has convinced me that these conditions may be met 
with separately, but very rarely together, and it is our duty to protect the 
French savings from the mirage of the more or less fancy and hazardous 
speculations which constantly assail the small investor. 


In conclusion, let us rejoice that it is in France that the greatest im- 
petus has been given to electro-metallurgy, and that once more our country 
has taken the lead in a great scientific and industrial movement. 


VALUES OF FOREIGN MONEY 
IN CANADIAN CURRENCY. 


Byredisn aes ss --e... r. 2.7.1 Krona = 100 Ore = 274 cents 

Biever ss. Fi 2 LL Branc = 100 centimes = 20: cents 

Mpls. 2c. ew...) Lira -= 100 centimes = 20 -cents 
WEIGHTS 


1 Kilogram = 2.2 Ibs. Avoirdupois. 
1 Metric Ton = 1000 Kilograms = 2200 lbs. 


MEASURE OF LENGTH 


1 Meter = 10 Decimeters = 100 Centimeters = 1000 millimeters. 
1 Meter = 39.37 inches. 


1 Decimeter = 3.938 “ 
1 Centimeter = 0.39 ae 
1 Millimeter = 0.039 “ 
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